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1. 

HGH DATA RATE INTERFACE WITH 
IMPROVED LNKSYNCHRONIZATION 

CLAIM OF PRIORITY UNDER 35 U.S.C. S 119 

The present Application for Patent claims priority to Pro 
visional Application No. 60/525,270 entitled “Switchable 
Threshold Differential Interface' filed Nov. 25, 2003, and 
assigned to the assignee hereof and hereby expressly incor 
porated by reference herein. The present Application for 
Patent also claims priority to Provisional Application No. 
60/527,996 entitled “Switchable Threshold Differential 
Interface' filed Dec. 8, 2003 and assigned to the assignee 
hereof. 

BACKGROUND 

1. Field 
Embodiments of the invention in this disclosure relate to a 

digital signal protocol and process for communicating or 
transferring signals between a host device and a client device 
at high data rates. More specifically, the disclosure relates to 
a technique for transferring multimedia and other types of 
digital signals from a host or controller device to a client 
device for presentation or display to an end user using a low 
power high data rate transfer mechanism having internal and 
external device applications. 

2. Background 
Computers, electronic game related products, and various 

video technologies (for example DVDs and High Definition 
VCRs) have advanced significantly over the last few years to 
provide for presentation of increasingly higher resolution 
still, video, Video-on-demand, and graphics images, even 
when including some types of text, to end users of Such 
equipment. These advances in turn mandated the use of 
higher resolution electronic viewing devices such as high 
definition video monitors, HDTV monitors, or specialized 
image projection elements. Combining Such visual images 
with high-definition or -quality audio data, Such as when 
using CD type sound reproduction, DVDs, Surround-sound, 
and other devices also having associated audio signal outputs, 
is used to create a more realistic, content rich, or true multi 
media experience for an end user. In addition, highly mobile, 
high quality Sound systems and music transport mechanisms, 
such as MP3 players, have been developed for audio only 
presentations to end users. This has resulted in increased 
expectations for typical users of commercial electronics 
devices, from computers to televisions and even telephones, 
now being accustomed to and expecting high or premium 
quality output. 

In a typical video presentation scenario, involving an elec 
tronics product, video data is typically transferred using cur 
rent techniques at a rate that could be best termed as slow or 
medium, being on the order of one to tens of kilobits per 
second. This data is then either buffered or stored in transient 
or longer-term memory devices, for delayed (later) play out 
on a desired viewing device. For example, images may be 
transferred 'across' or using the Internet using a program 
resident on a computer having a modem or other type of 
Internet connection device, to receive or transmit data useful 
in digitally representing an image. A similar transfer can take 
place using wireless devices such as portable computers 
equipped with wireless modems, or wireless Personal Data 
Assistants (PDAs), or wireless telephones. 
Once received, the data is stored locally in memory ele 

ments, circuits, or devices, such as RAM or flash memory, 
including internal or external storage devices Such as Small 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
size hard drives, for playback. Depending on the amount of 
data and the image resolution, the playback might begin rela 
tively quickly, or be presented with longer-term delay. That is, 
in Some instances, image presentation allows for a certain 
degree of real time playback for very small or low resolution 
images not requiring much data, or using some type of buff 
ering, so that after a small delay, Some material is presented 
while more material is being transferred. Provided there are 
no interruptions in the transfer link, or interference from other 
systems or users relative to the transfer channel being used, 
once the presentation begins the transfer is reasonably trans 
parent to the end user of the viewing device. Naturally, where 
multiple users share a single communication path, such as a 
wired Internet connection, transfers can be interrupted or 
slower than desired. 
The data used to create either still images or motion video 

are often compressed using one of several well known tech 
niques such as those specified by the Joint Photographic 
Experts Group (JPEG), the Motion Picture Experts Group 
(MPEG), and other well known standards organizations or 
companies in the media, computer, and communications 
industries to speed the transfer of data over a communication 
link. This allows transferring images or data faster by using a 
Smaller number of bits to transfer a given amount of informa 
tion. 
Once the data is transferred to a “local device such as a 

computer having a storage mechanism Such as memory, or 
magnetic or optical storage elements, or to other recipient 
devices, the resulting information is un-compressed (or 
played using special decoding players), and decoded if 
needed, and prepared for appropriate presentation based on 
the corresponding available presentation resolution and con 
trol elements. For example, a typical computer video resolu 
tion in terms of a screen resolution of X by Y pixels typically 
ranges from as low as 480x640 pixels, through 600x800 to 
1024x1024, although a variety of other resolutions are gen 
erally possible, either as desired or needed. 

Image presentation is also affected by the image content 
and the ability of given video controllers to manipulate the 
image in terms of certain predefined color levels or color 
depth (bits per pixel used to generate colors) and intensities, 
and any additional overhead bits being employed. For 
example, a typical computer presentation would anticipate 
anywhere from around 8 to 32, or more, bits per pixel to 
represent various colors (shades and hues), although other 
values are encountered. 
From the above values, one can see that a given screen 

image is going to require the transfer of anywhere from 2.45 
Megabits (Mb) to around 33.55 Mb of data over the range 
from the lowest to highest typical resolutions and depth, 
respectively. When viewing video or motion type images at a 
rate of 30 frames per second, the amount of data required is 
around 73.7 to 1,006 Megabits of data per second (Mbps), or 
around 9.21 to 125.75 Megabytes per second (MBps). In 
addition, one may desire to present audio data in conjunction 
with images, such as for a multimedia presentation, or as a 
separate high resolution audio presentation, Such as CD qual 
ity music. Additional signals dealing with interactive com 
mands, controls, or signals may also be employed. Each of 
these options adding even more data to be transferred. Fur 
thermore, newer transmission techniques involving High 
Definition (HD) television and movie recordings may add 
even more data and control information. In any case, when 
one desires to transfer high quality or high resolution image 
data and high quality audio information or data signals to an 
end user to create a content rich experience, a high data 
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transfer rate link is required between presentation elements 
and the source or host device that is configured to provide 
Such types of data. 

Data rates of around 115 Kilobytes (KBps) or 920 Kilobits 
per second (Kbps) can be routinely handled by some modern 
serial interfaces. Other interfaces such as USB serial inter 
faces, can accommodate data transfers at rates as high as 12 
MBps, and specialized high speed transferS Such as those 
configured using the Institute of Electrical and Electronics 
Engineers (IEEE) 1394 standard, can occur at rates on the 
order of 100 to 400MBps. Unfortunately, these rates fall short 
of the desired high data rates discussed above which are 
contemplated for use with future wireless data devices and 
other services for providing high resolution, content rich, 
output signals for driving portable video displays or audio 
devices. This includes computers for business and other pre 
sentations, gaming devices, and so forth. In addition, these 
interfaces require the use of a significant amount of host or 
system and client software to operate. Their software protocol 
stacks also create an undesirably large amount of overhead, 
especially where mobile wireless devices or telephone appli 
cations are contemplated. Such devices have severe memory 
and power consumption limitations, as well as already taxed 
computational capacity. Furthermore, Some of these inter 
faces utilize bulky cables which are too heavy and unsatis 
factory for highly aesthetic oriented mobile applications, 
complex connectors which add cost, or simply consume too 
much power. 

There are other known interfaces such as the Analog Video 
Graphics Adapter (VGA), Digital Video Interactive (DVI) or 
Gigabit Video Interface (GVIF) interfaces. The first two of 
these are parallel type interfaces which process data at higher 
transfer rates, but also employ heavy cables and consume 
large amounts of power, on the order of several watts. Neither 
of these characteristics are amenable to use with portable 
consumer electronic devices. Even the third interface con 
Sumes too much power and uses expensive or bulky connec 
tOrS. 

For some of the above interfaces, and other very high rate 
data systems/protocols or transfer mechanisms associated 
with data transfers for fixed installation computer equipment, 
there is another major drawback. To accommodate the desired 
data transfer rates also requires Substantial amounts of power 
and/or operation at high current levels. This greatly reduces 
the usefulness of such techniques for highly mobile consumer 
oriented products. 

Generally, to accommodate such data transfer rates using 
alternatives such as say optical fiber type connections and 
transfer elements, also requires a number of additional con 
Verters and elements that introduce much more complexity 
and cost, than desired for a truly commercial consumer ori 
ented product. Aside from the generally expensive nature of 
optical systems as yet, their power requirements and com 
plexity prevents general use for lightweight, low power, por 
table applications. 
What has been lacking in the industry for portable, wire 

less, or mobile applications, is a technique to provide a high 
quality presentation experience, whetherit be audio, video, or 
multimedia based, for highly mobile end users. That is, when 
using portable computers, wireless phones, PDAs, or other 
highly mobile communication devices or equipment, the cur 
rent video and audio presentation systems or devices being 
used simply cannot deliver output at the desired high quality 
level. Often, the perceived quality that is lacking is the result 
of unobtainable high data rates needed to transfer the high 
quality presentation data. This can include both transfer to 
more efficient, advanced or feature laden external devices for 
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4 
presentation to an end user, or transfer between hosts and 
clients internal to portable devices Such as computers, gaming 
machines, and wireless devices such as mobile telephones. 

In this latter case, there have been great Strides made in 
adding higher and higher resolution internal video screens, 
and other specialty input and/or output devices and connec 
tions to wireless devices like so called third generation tele 
phones, and to so called laptop computers. However, internal 
data busses and connections which may include bridging 
across rotating or sliding hinge orhinge-like structures which 
mount or connect video screens or other elements to the main 
housing where the host and/or various other control elements 
and output components reside. It is very difficult to construct 
high throughput data transfers interfaces using prior tech 
niques which can require up to 90 conductors, or more, to 
achieve the desired throughput, on say a wireless telephone, 
as one example. This presents many manufacturing, cost pro 
hibitive, and reliability challenging issues to overcome. 

Such issues and requirements are also being seen on fixed 
location installations where communication or computing 
type devices, as one example, are added to appliances and 
other consumer devices to provide advanced data capabilities, 
Internet and data transfer connections, or built in entertain 
ment. Another example would be airplanes and busses where 
individual video and audio presentation screen are mounted 
in seat-backs. However, in these situations it is often more 
convenient, efficient, and easily serviceable to have the main 
storage, processing, or communication control elements 
located a distance from visible screens or audio outputs with 
an interconnecting link or channel for the presentation of 
information. This link will need to handle a significant 
amount of data to achieve the desired throughput, as dis 
cussed above. 

Therefore, a new transfer mechanism is needed to increase 
data throughput between host devices providing the data and 
client display devices or elements presenting an output to end 
USCS. 

Applicants have proposed such new transfer mechanisms 
in U.S. patent application Ser. No. 10/020,520, now U.S. Pat. 
No. 6,760,772 issued Jul. 6, 2004 to Quizen et al. and co 
pending U.S. patent application Ser. No. 10/236,657, filed 
Sep. 6, 2002, both entitled “Generating And Implementing A 
Communication Protocol And Interface For High Data Rate 
Signal Transfer, which are assigned to the assignee of the 
present invention and incorporated herein by reference. Also, 
co-pending U.S. application Ser. No. 10/860,116, filed Jun. 2, 
2004, entitled “Generating and Implementing a Signal Pro 
tocol and Interface for Higher Data Rates.” The techniques 
discussed in those applications can greatly improve the trans 
ferrate for large quantities of data in high speed data signals. 
However, the demands for ever increasing data rates, espe 
cially as related to video presentations, continue to grow. 
Even with other ongoing developments in data signal tech 
nology, there is still a need to strive for even faster transfer 
rates, improved communication link efficiencies, and more 
powerful communication links. Therefore, there is a continu 
ing need to develop a new or improved transfer mechanism 
which is needed to increase data throughput between host and 
client devices. 

SUMMARY 

The above drawback, and others, existent in the art are 
addressed by embodiments of the invention in which a new 
protocol and data transfer means, method and mechanism 
have been developed for transferring data between a host 
device and a recipient client device at high data rates. 
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Embodiments for the invention are directed to a Mobile 
Data Digital Interface (MDDI) for transferring digital data at 
a high rate between a host device and a client device over a 
communication path which employs a plurality or series of 
packet structures to form a communication protocol for com 
municating a pre-selected set of digital control and presenta 
tion data between the host and client devices. The signal 
communications protocol or link layer is used by a physical 
layer of host or client link controllers, receivers, or drivers. At 
least one link controller or driver residing in the host device is 
coupled to the client device through the communications path 
or link, and is configured to generate, transmit, and receive 
packets forming the communications protocol, and to form 
digital presentation data into one or more types of data pack 
ets. The interface provides for bi-directional transfer of infor 
mation between the host and client, which can reside within a 
common overall housing or Support structure. 
The implementation is generally all digital in nature with 

the exception of differential drivers and receivers which can 
be easily implemented on a digital CMOS chip, requires a few 
as 6 signals, and operates at almost any data rate that is 
convenient for the system designer. The simple physical and 
link layer protocol makes it easy to integrate, and this sim 
plicity plus a hibernation state enables the portable system to 
have very low system power consumption. 

To aid in use and acceptance, the interface will add very 
little to the cost of a device, will allow for consumption of 
very little power while able to power displays through the 
interface using standard battery Voltages, and can accommo 
date devices having a pocket-able form-factor. The interface 
is scalable to support resolutions beyond HDTV, supports 
simultaneous stereo video and 7.1 audio to a display device, 
performs conditional updates to any screen region, and Sup 
ports multiple data types in both directions. 

In further aspects of embodiments of the invention, at least 
one client link controller, receiver, device, or driver is dis 
posed in the client device and is coupled to the host device 
through the communications path or link. The client link 
controller is also configured to generate, transmit, and receive 
packets forming the communications protocol, and to form 
digital presentation data into one or more types of data pack 
ets. Generally, the host or link controller employs a state 
machine for processing data packets used in commands or 
certain types of signal preparation and inquiry processing, but 
can use a slower general purpose processor to manipulate data 
and some of the less complex packets used in the communi 
cation protocol. The host controller comprises one or more 
differential line drivers; while the client receiver comprises 
one or more differential line receivers coupled to the commu 
nication path. 
The packets are grouped together within media frames that 

are communicated between the host and client devices having 
a pre-defined fixed length with a pre-determined number of 
packets having different variable lengths. The packets each 
comprise a packet length field, one or more packet data fields, 
and a cyclic redundancy check field. A Sub-frame Header 
Packet is transferred or positioned at the beginning of trans 
fers of other packets from the host link controller. One or 
more Video Stream type packets and Audio Stream type pack 
ets are used by the communications protocol to transfer video 
type data and audio type data, respectively, from the host to 
the client over a forward link for presentation to a client 
device user. One or more Reverse Link Encapsulation type 
packets are used by the communications protocol to transfer 
data from the client device to the host link controller. These 
transfer in some embodiments include the transfer of data 
from internal controllers having at leas one MDDI device to 
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internal video screens. Other embodiments include transfer to 
internal Sound systems, and transfers from various input 
devices including joysticks and complex keyboards to inter 
nal host devices. 

Filler type packets are generated by the host link controller 
to occupy periods of forward link transmission that do not 
have data. A plurality of other packets are used by the com 
munications protocol to transfer video information. Such 
packets include Color Map, Bit Block Transfer, Bitmap Area 
Fill, Bitmap Pattern Fill, and Transparent Color Enable type 
packets. User-Defined Stream type packets are used by the 
communications protocol to transfer interface-user defined 
data. Keyboard Data and Pointing Device Data type packets 
are used by the communications protocol to transfer data to or 
from user input devices associated with said client device. A 
Link Shutdown type packet is used by the communications 
protocol to terminate the transfer of data in either direction 
over said communication path. 
The communication path generally comprises or employs a 

cable having a series of four or more conductors and a shield. 
In addition, printed wires or conductors can be used, as 
desired, with some residing on flexible substrates. 
The host link controller requests display capabilities infor 

mation from the client device in order to determine what type 
of data and data rates said client is capable of accommodating 
through said interface. The client link controller communi 
cates display or presentation capabilities to the host link con 
troller using at least one Client Capability type packet. Mul 
tiple transfer modes are used by the communications protocol 
with each allowing the transfer of different maximum num 
bers of bits of data in parallel over a given time period, with 
each mode selectable by negotiation between the host and 
client link controllers. These transfer modes are dynamically 
adjustable during transfer of data, and the same mode need 
not be used on the reverse link as is used on the forward link. 

In other aspects of some embodiments of the invention, the 
host device comprises a wireless communications device, 
such as a wireless telephone, a wireless PDA, or a portable 
computer having a wireless modem disposed therein. A typi 
cal client device comprises a portable video display Such as a 
micro-display device, and/or a portable audio presentation 
system. Furthermore, the host may use storage means or 
elements to store presentation or multimedia data to be trans 
ferred to be presented to a client device user. 

In still other aspects of some embodiments, the host device 
comprises a controller or communication link control device 
with drivers as described below residing within a portable 
electronic device Such as a wireless communications device, 
such as a wireless telephone, a wireless PDA, or a portable 
computer. A typical client device in this configuration com 
prises a client circuit or integrated circuit or module coupled 
to the host and residing within the same device, and to an 
internal video display Such as a high resolution screen for a 
mobile phone, and/or a portable audio presentation system, or 
in the alternative some type of input system or device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further features and advantages of the invention, as well as 
the structure and operation of various embodiments of the 
invention, are described in detail below with reference to the 
accompanying drawings. In the drawings, like reference 
numbers generally indicate identical, functionally similar, 
and/or structurally similar elements or processing steps, and 
the drawing in which an element first appears is indicated by 
the leftmost digit(s) in the reference number. 
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FIG. 1A illustrates a basic environment in which embodi 
ments of the invention might operate including the use of a 
micro-display device, or a projector, in conjunction with a 
portable computer or other data processing device. 

FIG. 1B illustrates a basic environment in which embodi 
ments of the invention might operate including the use of a 
micro-display device or a projector, and audio presentation 
elements used in conjunction with a wireless transceiver. 

FIG. 1C illustrates a basic environment in which embodi 
ments of the invention might operate including the use of 
internal display or audio presentation devices used in a por 
table computer. 

FIG. 1D illustrates a basic environment in which embodi 
ments of the invention might operate including the use of 
internal display or audio presentation elements used in a 
wireless transceiver. 

FIG. 2 illustrates the overall concept of a Mobile Digital 
Data Interface with a host and client interconnection. 

FIG. 3 illustrates the structure of a packet useful for real 
izing data transfers from a client device to a host device. 

FIG. 4 illustrates the use of an MDDI link controller and 
the types of signals passed between a hostanda client over the 
physical data link conductors for a Type 1 interface. 

FIG. 5 illustrates the use of an MDDI link controller and 
the types of signals passed between a hostanda client over the 
physical data link conductors for Types 2, 3, and 4 interfaces. 

FIG. 6 illustrates the structure of frames and sub-frames 
used to implement the interface protocol. 

FIG. 7 illustrates the general structure of packets used to 
implement the interface protocol. 

FIG. 8 illustrates the format of a Sub-frame Header Packet. 
FIG. 9 illustrates the format and contents of a Filler Packet. 
FIG. 10 illustrates the format of a Video Stream Packet. 
FIGS. 11A-11E illustrate the format and contents for the 

Video Data Format Descriptor used in FIG. 10. 
FIG. 12 illustrates the use of packed and unpacked formats 

for data. 
FIG. 13 illustrates the format of an Audio Stream Packet. 
FIG. 14 illustrates the use of byte-aligned and packed PCM 

formats for data 
FIG. 15 illustrates the format of a User-Defined Stream 

Packet. 
FIG. 16 illustrates the format of a Color Map Packet. 
FIG. 17 illustrates the format of a Reverse Link Encapsu 

lation Packet. 
FIG. 18 illustrates the format of a Client Capability Packet. 
FIG. 19 illustrates the format of a Keyboard Data Packet. 
FIG. 20 illustrates the format of a Pointing Device Data 

Packet. 
FIG. 21 illustrates the format of a Link Shutdown Packet. 
FIG.22 illustrates the format of a Client Request and Status 

Packet. 
FIG. 23 illustrates the format of a Bit Block Transfer 

Packet. 
FIG. 24 illustrates the format of a Bitmap Area Fill Packet. 
FIG. 25 illustrates the format of a Bitmap Pattern Fill 

Packet. 
FIG. 26 illustrates the format of a Communication Link 

Data Channel Packet. 
FIG. 27 illustrates the format of a Interface Type Handoff 

Request Packet. 
FIG. 28 illustrates the format of an Interface Type 

Acknowledge Packet. 
FIG. 29 illustrates the format of a Perform Type Handoff 

Packet. 
FIG.30 illustrates the format of a Forward Audio Channel 

Enable Packet. 
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FIG. 31 illustrates the format of a Reverse Audio Sample 

Rate Packet. 
FIG. 32 illustrates the format of a Digital Content Protec 

tion Overhead Packet. 
FIG. 33 illustrates the format of a Transparent Color 

Enable Packet. 
FIG.34 illustrates the format of a Round Trip Delay Mea 

surement Packet. 
FIG. 35 illustrates the timing of events during the Round 

Trip Delay Measurement Packet. 
FIG. 36 illustrates a sample implementation of a CRC 

generator and checker useful for implementing the invention. 
FIG. 37A illustrates the timing of CRC signals for the 

apparatus of FIG. 36 when sending data packets. 
FIG. 37B illustrates the timing of CRC signals for the 

apparatus of FIG. 36 when receiving data packets. 
FIG. 38 illustrates processing steps for a typical service 

request with no contention. 
FIG. 39 illustrates processing steps for a typical service 

request asserted after the link restart sequence has begun, 
contending with link start. 

FIG. 40 illustrates how a data sequence can be transmitted 
using DATA-STB encoding. 

FIG. 41 illustrates circuitry useful for generating the DATA 
and STB signals from input data at the host, and then recov 
ering the data at the client. 

FIG. 42 illustrates drivers and terminating resistors useful 
for implementing one embodiment. 

FIGS. 43A, 43B, and 43C illustrate steps and signal levels 
employed by a client to secure service from the host and by 
the host to provide such service. 

FIG. 44 illustrates relative spacing between transitions on 
the Data0, other data lines (DataX), and the strobe lines (Stb). 

FIG. 45 illustrates the presence of a delay in response that 
can occur when a host disables the host driver after transfer 
ring a packet. 

FIG. 46 illustrates the presence of a delay in response that 
can occur when a host enables the host driver to transfer a 
packet. 

FIG. 47 illustrates the relationship at the host receiver input 
between the timing of the data being transferred and the 
leading and trailing edges of the strobe pulses. 

FIG. 48 illustrates switching characteristics and corre 
sponding client output delay developed by the reverse data 
timing. 

FIG. 49 illustrates a high level diagram of signal processing 
steps and conditions by which synchronization can be imple 
mented using a state machine. 

FIG. 50 illustrates typical amounts of delay encountered 
for signal processing on the forward and reverse paths in a 
system employing the MDDI. 

FIG. 51 illustrates marginal round trip delay measurement. 
FIG. 52 illustrates Reverse Link data rate changes. 
FIG. 53 illustrates a graphical representation of values of 

the Reverse Rate Divisor versus forward link data rate. 
FIGS. 54A and 54B illustrate steps undertaken in the 

operation of an interface. 
FIG.55 illustrates an overview of the interface apparatus 

processing packets. 
FIG. 56 illustrates the format of a Forward Link Packet 
FIG. 57 illustrates typical values for propagation delay and 

skew in an Type 1 Link interface. 
FIG. 58 illustrates Data, Stb, and Clock Recovery Timing 

on a Type 1 Link for exemplary signal processing through the 
interface. 

FIG. 59 illustrates typical values for propagation delay and 
skew in Type 2, Type 3 or Type 4 Link interfaces. 



US 8,687,658 B2 

FIGS. 60A, 60B, and 60C illustrate different possibilities 
for the timing of two data signals and MDDI Stb with respect 
to each other, being ideal, early, and late, respectively. 

FIG. 61 illustrates interface pin assignments exemplary 
connectors used with a Type-1/Type 2 interfaces. 

FIGS. 62A and 62B illustrate possible MDDI Data and 
MDDI Stb waveforms for both Type 1 and Type 2 Interfaces, 
respectively. 

FIG. 63 illustrates a high level diagram of alternative signal 
processing steps and conditions by which synchronization 
can be implemented using a state machine. 

FIG. 64 illustrates exemplary relative timing between a 
series of clock cycles and the timing of a various reverse link 
packets bits and divisor values. 

FIG. 65 illustrates exemplary error code transfer process 
1ng. 

FIG. 66 illustrates apparatus useful for error code transfer 
processing. 

FIG. 67A illustrates error code transfer processing for code 
overloading. 

FIG. 67B illustrates error code transfer processing for code 
reception. 

FIG. 68A illustrates processing steps for a host initiated 
wake-up. 

FIG. 68B illustrates processing steps for a client initiated 
wake-up. 

FIG. 68C illustrates processing steps for host and client 
initiated wake-up with contention. 

FIG. 69 illustrates the format of a Request VCP Feature 
Packet. 

FIG. 70 illustrates the format of a VCP Feature Reply 
Packet. 

FIG.71 illustrates the format of a VCP Feature Reply List. 
FIG.72 illustrates the format of a Set VCP Feature Packet. 
FIG. 73 illustrates the format of a Request Valid Parameter 

Packet. 
FIG. 74 illustrates the format of a Valid Parameter Reply 

Packet. 
FIG. 75 illustrates the format of a Alpha-Cursor Image 

Capability Packet. 
FIG. 76 illustrates the format of a Alpha-Cursor Transpar 

ency Map Packet. 
FIG. 77 illustrates the format of a Alpha-Cursor Image 

Offset Packet. 
FIG. 78 illustrates the format of a Alpha-Cursor Video 

Stream Packet. 
FIG. 79 illustrates the format of a Scaled Video Stream 

Capability Packet. 
FIG. 80 illustrates the format of a Scaled Video Stream 

Setup Packet. 
FIG. 81 illustrates the format of a Scaled Video Stream 

Acknowledgement Packet. 
FIG. 82 illustrates the format of a Scaled Video Stream 

Packet. 
FIG. 83 illustrates the format of a Request Specific Status 

Packet. 
FIG. 84 illustrates the format of a Valid Status Reply List 

Packet. 
FIG. 85A illustrates the format of a Packet Processing 

Delay Parameters Packet. 
FIG. 85B illustrates the format of a Delay Parameters List 

item 
FIG. 86 illustrates the format of a Personal Display Capa 

bility Packet. 
FIG. 87A illustrates the format of a Client Error Report 

Packet. 
FIG. 87B illustrates the format of an Error Report List item 
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FIG. 88 illustrates the format of a Client Identification 

Packet. 
FIG. 89 illustrates the format of an Alternate Display Capa 

bility Packet. 
FIG. 90 illustrates the format of a Register Access Packet 
FIG. 91A-91C illustrate use of two display buffers to 

reduce visible artifacts. 
FIG. 92 illustrates two buffers with display refresh faster 

than image transfer. 
FIG.93 illustrates two buffers with display refresh slower 

than image transfer. 
FIG. 94 illustrates two buffers with display refresh much 

faster than image transfer. 
FIG.95 illustrates three buffers with display refresh faster 

than image transfer. 
FIG.96 illustrates three buffers with display refresh slower 

than image transfer. 
FIG. 97 illustrates one buffer with display refresh faster 

than image transfer. 
FIG. 98 illustrates host-client connection via daisy-chain 

and hub. 
FIG.99 illustrates client devices connected via a combina 

tion of hubs and daisy chains. 
FIG. 100 illustrates a color map. 
FIG. 101 illustrates leakage current analysis. 

DETAILED DESCRIPTION 

I. Overview 
A general intent of the invention is to provide a Mobile 

Display Digital Interface (MDDI), as discussed below, which 
results in or provides a cost-effective, low power consump 
tion, transfer mechanism that enables high- or very-high 
speed data transfer over a short-range communication link 
between a host device and a client device. Such as a display 
element, using a “serial’ type of data link or channel. This 
mechanism lends itself to implementation with miniature 
connectors and thin flexible cables which are especially use 
ful in connecting internal (to a housing or Support frame) 
display elements or input devices to a central controller, or 
external display elements or devices such as wearable micro 
displays (goggles or projectors) to portable computers, wire 
less communication devices, or entertainment devices. 

Although the terms Mobile and Display are associated with 
the naming of the protocol, it is to be understood that this is for 
convenience only in terms of having a standard name easily 
understood by those skilled in the artworking with the inter 
face and protocol. However, it will be readily understood after 
a review of the embodiments presented below that many 
non-mobile and non-display related applications will benefit 
from application of this protocol and resulting interface struc 
ture, and the MDDI label is not intended to imply any limi 
tations to the nature or usefulness of the invention or its 
various embodiments. 
An advantage of embodiments of the invention is that a 

technique is provided for data transfer that is low in complex 
ity, low cost, has high reliability, fits well within the environ 
ment of use, and is very robust, while remaining very flexible. 

Embodiments of the invention can be used in a variety of 
situations to communicate or transfer large quantities of data, 
generally for audio, video, or multimedia applications from a 
host or source device where such data is generated or stored, 
to a client display or presentation device at a high rate. A 
typical application, which is discussed below, is the transfer 
of data from either a portable computer or a wireless tele 
phone or modem to a visual display device Such as a small 
Video screen or a wearable micro-display appliance. Such as 
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in the form of goggles or helmets containing Small projection 
lenses and Screens, or from a host to client device within Such 
components. That is, from a processor to an internal Screen or 
other presentation element, as well as from various internal, 
or external input devices employing a client to an internally 
located (collocated within same device housing or Support 
structure) host. 
The characteristics or attributes of the MDDI are such that 

they are independent of specific display or presentation tech 
nology. This is a highly flexible mechanism for transferring 
data at a high rate without regards to the internal structure of 
that data, nor the functional aspects of the data or commands 
it implements. This allows the timing of data packets being 
transferred to be adjusted to adapt to the idiosyncrasies of 
particular client devices, such as for unique display desires 
for certain devices, or to meet the requirements of combined 
audio and video for Some A-V systems, or for certain input 
devices such as joysticks, touch pads, and so forth. The inter 
face is very display element or client device agnostic, as long 
as the selected protocol is followed. In addition, the aggregate 
serial link data, or data rate, can vary over several orders of 
magnitude which allows a communication system or host 
device designer to optimize the cost, power requirements, 
client device complexity, and client device update rates. 
The data interface is presented primarily for use in trans 

ferring large amounts of high rate data over a "wired signal 
link or Small cable. However, Some applications may take 
advantage of a wireless link as well, including optical based 
links, provided it is configured to use the same packet and data 
structures developed for the interface protocol, and can Sus 
tain the desired level of transfer at low enough power con 
sumption or complexity to remain practical. 
II. Environment 
A typical application can be seen in FIGS. 1A and 1B 

where a portable or laptop computer 100 and wireless tele 
phone or PDA device 102 are shown communicating data 
with display devices 104 and 106, respectively, along with 
audio reproduction systems 108 and 112. In addition, FIG. 1A 
shows potential connections to a larger display or screen 114 
oran image projector 116, which are only shown in one figure 
for clarity, but are connectable to wireless device 102 as well. 
The wireless device can be currently receiving data or have 
previously stored a certain amount of multimedia type data in 
a memory element or device for laterpresentation for viewing 
and/or hearing by an end user of the wireless device. Since a 
typical wireless device is used for voice and simple text 
communications most of the time, it has a rather Small display 
screen and simple audio system (speakers) for communicat 
ing information to the device 102 user. 

Computer 100 has a much larger screen, but still inad 
equate external Sound system, and still falls short of other 
multimedia presentation devices such as a high definition 
television, or movie screens. Computer 100 is used for pur 
poses of illustration and other types of processors, interactive 
Video games, or consumer electronics devices can also be 
used with the invention. Computer 100 can employ, but is not 
limited to orby, a wireless modem or other built in device for 
wireless communications, or be connected to such devices 
using a cable or wireless link, as desired. 

This makes presentation of more complex or “rich' data a 
less than a useful or enjoyable experience. Therefore, the 
industry is developing other mechanisms and devices to 
present the information to end users and provide a minimum 
level of desired enjoyment or positive experience. 
As previously discussed above, several types of display 

devices have or are currently being developed for presenting 
information to end users of device 100. For example, one or 
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more companies have developed sets of wearable goggles 
that project an image in front of the eyes of a device user to 
present a visual display. When correctly positioned Such 
devices effectively “project a virtual image, as perceived by 
a user's eyes, that is much larger than the element providing 
the visual output. That is, a very Small projection element 
allows the eye(s) of the user to 'see' images on a much larger 
scale than possible with typical LCD screens and the like. The 
use of larger virtual screen images also allows the use of much 
higher resolution images than possible with more limited 
LCD screen displays. Other display devices could include, 
but are not limited to, small LCD screens or various flat panel 
display elements, projection lenses and display drivers for 
projecting images on a surface, and so forth. 

There may also be additional elements connected to or 
associated with the use of wireless device 102 or computer 
100 for presenting an output to another user, or to another 
device which in turn transfers the signals elsewhere or stores 
them. For example, data may be stored in flash memory, in 
optical form, for example using a writeable CD media or on 
magnetic media Such as in a magnetic tape recorder and 
similar devices, for later use. 

In addition, many wireless devices and computers now 
have built-in MP3 music decoding capabilities, as well as 
other advanced Sound decoders and systems. Portable com 
puters utilize CD and DVD playback capabilities as a general 
rule, and some have Small dedicated flash memory readers for 
receiving pre-recorded audio files. The issue with having Such 
capabilities is that digital music files promise a highly 
increased feature rich experience, but only if the decoding and 
playback process can keep pace. The same holds true for the 
digital video files. 
To assist with Sound reproduction, external speakers 114 

are shown in FIG. 1A, which could also be accompanied by 
addition elements such as sub-woofers, or 'surround-sound' 
speakers for front and rear sound projection. At the same time, 
speakers or earphones 108 are indicated as built-in to the 
support frame or mechanism of micro-display device 106 of 
FIG. 1B. As would be known, other audio or sound reproduc 
tion elements can be used including power amplification or 
Sound shaping devices. 

In any case, as discussed above, when one desires to trans 
fer high quality or high resolution image data and high quality 
audio information or data signals from a data source to an end 
user over one or more communication links 110, a high data 
rate is required. That is, transfer link 110 is clearly a potential 
bottleneck in the communication of data as discussed earlier, 
and is limiting system performance, since current transfer 
mechanisms do not achieve the high data rates typically 
desired. As discussed above for example, for higher image 
resolutions such as 1024 by 1024 pixels, with color depths of 
24-32 bits per pixel and at data rates of 30 fps, the data rates 
can approach rates in excess of 755 Mbps or more. In addi 
tion, such images may be presented as part of a multimedia 
presentation which includes audio data and potentially addi 
tional signals dealing with interactive gaming or communi 
cations, or various commands, controls, or signals, further 
increasing the quantity or data and the data rate. 

It is also clear that fewer cables or interconnections 
required for establishing a data link, means that mobile 
devices associated with a display are easier to use, and more 
likely to be adopted by a larger user base. This is especially 
true where multiple devices are commonly used to establish a 
full audio-visual experience, and more especially as the qual 
ity level of the displays and audio output devices increases. 

Another typical application related to many of the above 
and other improvements in video screens and other output or 
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input devices can be seen in FIGS. 1C and 1D where a por 
table or laptop computer 130 and wireless telephone or PDA 
device 140 are shown communicating data with “internal 
display devices 134 and 144, respectively, along with audio 
reproduction systems 136 and 146. 

In FIGS. 1C and 1D, small cut-away sections of the overall 
electronic devices or products are used to show the location of 
one or more internal hosts and controllers in one portion of the 
device with a generalized communication link, here 138 and 
148, respectively, connecting them to the video display ele 
ments or screens having the corresponding clients, across a 
rotating joint of some known type used throughout the elec 
tronics industry today. One can see that the amount of data 
involved in these transfers requires a large number of conduc 
tors to comprise links 138 and 148. It is estimated that such 
communication links are approaching 90 or more conductors 
in order to satisfy today's growing needs for utilizing 
advanced color and graphical interfaces, display elements, on 
such devices because of the types of parallel or other known 
interface techniques available for transferring such data. 

Unfortunately, the higher data rates exceed current tech 
nology available for transferring data. Both in terms of the 
raw amount of data needing to be transferred per unit time, 
and in terms of manufacturing reliable cost effective physical 
transfer mechanisms. 
What is needed is a technique, a structure, means or 

method, for transferring data at higher rates for the data 
transfer link or communication path between presentation 
elements and the data source, which allows for consistently 
low(er) power, light weight, and as simple and economical a 
cabling structure as possible. Applicants have developed a 
new technique, or method and apparatus, to achieve these and 
other goals to allow an array of mobile, portable, or even fixed 
location devices to transfer data to desired displays, micro 
displays, or audio transfer elements, at very high data rates, 
while maintaining a desired low power consumption, and 
complexity. 
III. High Rate Digital Data Interface System Architecture 

In order to create and efficiently utilize a new device inter 
face, a signal protocol and system architecture has been for 
mulated that provides a very high data transfer rate using low 
power signals. The protocol is based on a packet and common 
frame structure, or structures linked together to form a pro 
tocol for communicating a pre-selected set of data or data 
types along with a command or operational structure imposed 
on the interface. 

A. Overview 
The devices connected by or communicating over the 

MDDI link are called the host and client, with the client 
typically being a display device of some type, although other 
output and input devices are contemplated. Data from the host 
to the display travels in the forward direction (referred to as 
forward traffic or link), and data from the client to the host 
travels in the reverse direction (reverse traffic or link), as 
enabled by the host. This is illustrated in the basic configura 
tion shown in FIG. 2. In FIG. 2, a host 202 is connected to a 
client 204 using a bi-directional communication channel 206 
which is illustrated as comprising a forward link 208 and a 
reverse link 210. However, these channels are formed by a 
common set of conductors whose data transfer is effectively 
switched between the forward or reverse link operations. This 
allows for greatly reduced numbers of conductors, immedi 
ately addressing one of the many problems faced with current 
approaches to high speed data transfer in low power environ 
ments such as for mobile electronic devices. 
As discussed elsewhere, the host comprises one of several 

types of devices that can benefit from using the present inven 
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tion. For example, host 202 could be a portable computer in 
the form of a handheld, laptop, or similar mobile computing 
device. It could also be a Personal Data Assistant (PDA), a 
paging device, or one of many wireless telephones or 
modems. Alternatively, host 202 could be a portable enter 
tainment or presentation device such as a portable DVD or 
CD player, or a game playing device. 

Furthermore, the host can reside as a host device or control 
element in a variety of other widely used or planned commer 
cial products for which a high speed communication link is 
desired with a client. For example, a host could be used to 
transfer data at high rates from a video recording device to a 
storage based client for improved response, or to a high reso 
lution larger Screen for presentations. An appliance such as a 
refrigerator that incorporates an onboard inventory or com 
puting system and/or Bluetooth connections to other house 
hold devices, can have improved display capabilities when 
operating in an internet or Bluetooth connected mode, or have 
reduced wiring needs for in-the-door displays (a client) and 
keypads or Scanners (client) while the electronic computer or 
control systems (host) reside elsewhere in the cabinet. In 
general, those skilled in the art will appreciate the wide vari 
ety of modern electronic devices and appliances that may 
benefit from the use of this interface, as well as the ability to 
retrofit older devices with higher data rate transport of infor 
mation utilizing limited numbers of conductors available in 
either newly added or existing connectors or cables. 
At the same time, client 204 could comprise a variety of 

devices useful for presenting information to an end user, or 
presenting information from a user to the host. For example, 
a micro-display incorporated in goggles or glasses, a projec 
tion device built into a hat or helmet, a small screen or even 
holographic element built into a vehicle. Such as in a window 
or windshield, or various speaker, headphone, or Sound sys 
tems for presenting high quality Sound or music. Other pre 
sentation devices include projectors or projection devices 
used to present information for meetings, or for movies and 
television images. Another example would be the use of touch 
pads or sensitive devices, voice recognition input devices, 
security Scanners, and so forth that may be called upon to 
transfer a significant amount of information from a device or 
system user with little actual “input other than touch or 
Sound from the user. In addition, docking stations for com 
puters and car kits or desk-top kits and holders for wireless 
telephones may act as interface devices to end users or to 
other devices and equipment, and employ either clients (out 
put or input devices such as mice) or hosts to assist in the 
transfer of data, especially where high speed networks are 
involved. 

However, those skilled in the art will readily recognize that 
the present invention is not limited to these devices, there 
being many other devices on the market, and proposed for 
use, that are intended to provide end users with high quality 
images and Sound, either in terms of storage and transport or 
in terms of presentation at playback. The present invention is 
useful in increasing the data throughput between various 
elements or devices to accommodate the high data rates 
needed for realizing the desired user experience. 
The inventive MDD Interface and communication signal 

protocol may be used to simplify the interconnect between a 
host processor, controller, or circuit component (for 
example), and a display within a device or device housing or 
structure (referred to as an internal mode) in order to reduce 
the cost or complexity and associated power and control 
requirements or constraints of these connections, and to 



US 8,687,658 B2 
15 

improve reliability, not just for connection to or for external 
elements, devices, or equipment (referred to as an external 
mode). 
The aggregate serial link data rate on each signal pair used 

by this interface structure can vary over many orders of mag 
nitude, which allows a system or device designer to easily 
optimize cost, power, implementation complexity, and the 
display update rate for a given application or purpose. The 
attributes of MDDI are independent of display or other pre 
sentation device (target client) technology. The timing of data 
packets transferred through the interface can be easily 
adjusted to adapt to idiosyncrasies of particular clients such 
as display devices, sound systems, memory and control ele 
ments, or combined timing requirements of audio-video sys 
tems. While this makes it possible to have a system with a 
very Small power consumption, it is not a requirement of the 
various clients to have frame buffers in order to make use of 
the MDDI protocol at least at some level. 

B. Interface Types 
The MDD Interface is contemplated as addressing at least 

fours, and potentially more, somewhat distinct physical types 
of interfaces found in the communications and computer 
industries. These are labeled simply as Type 1, Type 2, Type 
3, and Type 4, although other labels or designations may be 
applied by those skilled in the art depending upon the specific 
applications they are used for or industry they are associated 
with. For example, simple audio systems use fewer connec 
tions than more complex multimedia systems, and may ref 
erence features such as “channels' differently, and so forth. 
The Type 1 interface is configured as a 6-wire, or other type 

of conductor or conductive element, interface which makes it 
suitable for mobile or wireless telephones, PDAs, electronic 
games, and portable media players, such as CD players, or 
MP3 players, and similar devices or devices used on similar 
types of electronic consumer technology. In one embodiment, 
a an interface can be configured as an 8-wire (conductor) 
interface which is more suitable for laptop, notebook, or 
desktop personal computers and similar devices or applica 
tions, not requiring rapid data updates and which do not have 
a built-in MDDI link controller. This interface type is also 
distinguishable by the use of an additional two-wire Univer 
sal Serial Bus (USB) interface, which is extremely useful in 
accommodating existing operating systems or Software Sup 
port found on most personal computers. 

Type 2, Type 3, and Type 4 interfaces are suitable for high 
performance clients or devices and use larger more complex 
cabling with additional twisted-pair type conductors to pro 
vide the appropriate shielding and low loss transfers for data 
signals. 
The Type 1 interface passes signals which can comprise 

display, audio, control, and limited signaling information, 
and is typically used for mobile clients or client devices that 
do not require high-resolution full-rate video data. A Type 1 
interface can easily support SVGA resolution at 30 fps plus 
5.1 channel audio, and in a minimum configuration might use 
only three wire pairs total, two pairs for data transmission and 
one pair for power transfer. This type of interface is primarily 
intended for devices, such as mobile wireless devices, where 
a USB host is typically not available within the such device 
for connection and transfer of signals. In this configuration, 
the mobile wireless device is a MDDI host device, and acts as 
the “master that controls the communication link from the 
host, which generally sends data to the client (forward traffic 
or link) for presentation, display or playback. 

In this interface, a host enables receipt of communication 
data at the host from the client (reverse traffic or link) by 
sending a special command or packet type to the client that 
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allows it to take over the bus (link) for a specified duration and 
send data to the host as reverse packets. This is illustrated in 
FIG.3, where a type of packet referred to as an encapsulation 
packet (discussed below) is used to accommodate the transfer 
of reverse packets over the transfer link, creating the reverse 
link. The time interval allocated for the host to poll the client 
for data is pre-determined by the host, and is based on the 
requirements of each specified application. This type of half 
duplex bi-directional data transfer is especially advantageous 
where a USB port is not available for transfer of information 
or data from the client. 

High-performance displays capable of HDTV type or simi 
lar high resolutions require around 1.5 Gbps rate data streams 
in order to support full-motion video. The Type 2 interface 
Supports high data rates by transmitting 2 bits in parallel, the 
Type 3 by transmitting 4 bits in parallel, and the Type 4 
interface transfers 8 bits in parallel. Type 2 and Type 3 inter 
faces use the same cable and connector as Type 1 but can 
operate at twice and four times the data rate to support higher 
performance video applications on portable devices. AType 4 
interface is Suited for very high performance clients or dis 
plays and requires a slightly larger cable that contains addi 
tional twisted-pair data signals. 
The protocol used by the MDDI allows eachType 1, 2, 3, or 

4 host to generally communicate with any Type 1, 2, 3, or 4 
client by negotiating what is the highest data rate possible that 
can be used. The capabilities or available features of what can 
be referred to as the least capable device is used to set the 
performance of the link. As a rule, even for systems where the 
host and client are both capable using Type 2, Type 3, or Type 
4 interfaces, both begin operation as a Type 1 interface. The 
host then determines the capability of the target client, and 
negotiates a hand-off or reconfiguration operation to either 
Type 2, Type 3, or Type 4 mode, as appropriate for the par 
ticular application. 

It is generally possible for the host to use the proper link 
layer protocol (discussed further below) and step down or 
again reconfigure operation at generally any time to a slower 
mode to save power or to step up to a faster mode to Support 
higher speed transfers, such as for higher resolution display 
content. For example, a host may change interface types when 
the system Switches from a power Source Such as a battery to 
AC power, or when the source of the display media switches 
to a lower or higher resolution format, or a combination of 
these or other conditions or events may be considered as a 
basis for changing an interface type, or transfer mode. 

It is also possible for a system to communicate data using 
one mode in one direction and another mode in another direc 
tion. For example, a Type 4 interface mode could be used to 
transfer data to a display at a high rate, while a Type 1 mode 
is used when transferring data to a host device from peripheral 
devices Such as a keyboard or a pointing device. It will be 
appreciated by one skilled in the art that hosts and clients may 
communicate outgoing data at different rates. 

Often, users of the MDDI protocol may distinguish 
between an “external” mode and an “internal” mode. An 
external mode describes the use of the protocol and interface 
to connect a hostin one device to a client outside of that device 
that is up to about 2 meters or so from the host. In this 
situation, the host may also send power to the external client 
so that both devices can easily operate in a mobile environ 
ment. An internal mode describes when the host is connected 
to a client contained inside the same device. Such as within a 
common housing or Support frame or structure of some kind. 
An example would be applications within a wireless phone or 
other wireless device, or a portable computer or gaming 
device where the client is a display or display driver, or an 
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input device Such as a keypad or touch-pad, or a sound sys 
tem, and the host is a central controller, graphics engine, or 
CPU element. Since a client is located much closer to the host 
in internal mode applications as opposed to external mode 
applications, there are generally no requirements discussed 
for the power connection to the client in Such configurations. 

C. Physical Interface Structure 
The general disposition of a device or link controller for 

establishing communications between host and client devices 
is shown in FIGS. 4 and 5. In FIGS. 4 and 5, a MDDI link 
controller 402 and 502 is shown installed in a host device 202 
and a MDDI link controller 404 and 504 is shown installed in 
a client device 204. As before, host 202 is connected to a client 
204 using a bi-directional communication channel 406 com 
prising a series of conductors. As discussed below, both the 
host and client link controllers can be manufactured as an 
integrated circuit using a single circuit design that can be set, 
adjusted, or programmed to respond as eithera host controller 
(driver) or a client controller (receiver). This provides for 
lower costs due to larger scale manufacturing of a single 
circuit device. 

In FIG. 5, a MDDI link controller 502 is shown installed in 
a host device 202 and a MDDI link controller 504 is shown 
installed in a client device 204'. As before, host 202' is con 
nected to a client 204' using a bi-directional communication 
channel 506 comprising a series of conductors. As discussed 
before, both the host and client link controllers can be manu 
factured using a single circuit design. 

Signals passed between a host and a client, such as a 
display device, over the MDDI link, or the physical conduc 
tors used, are also illustrated in FIGS. 4 and 5. As seen in 
FIGS.4 and 5, the primary path or mechanism for transferring 
data through the MDDI uses data signals labeled as MDDI 
Data0+/- and MDDI Stb+/-. Each of these are low voltage 
data signals that are transferred over a differential pair of 
wires in a cable. There is only one transition on either the 
MDDI Data0 pair or the MDDI Stb pair for each bit sent 
over the interface. This is a Voltage based transfer mechanism 
not current based, so static current consumption is nearly 
Zero. The host drives the MDDI Stb signals to the client 
display. 

While data can flow in both the forward and reverse direc 
tions over the MDDI Data pairs, that is, it is a bi-directional 
transfer path, the host is the master or controller of the data 
link. The MDDI Data0 and MDDI-Stb signal paths are oper 
ated in a differential mode to maximize noise immunity. The 
data rate for signals on these lines is determined by the rate of 
the clock sent by the host, and is variable overa range of about 
1 kbps up to 400 Mbps or more. 
The Type 2 interface contains one additional data pair or 

conductors or paths beyond that of the Type 1, referred to as 
MDDI Data1+/-. The Type 3 interface contains two addi 
tional data pairs or signal paths beyond that of the Type 2 
interface referred to as MDDI Data2+/-, and MDDI 
Data3+/-. The Type 4 interface contains four more data pairs 
or signal paths beyond that of the Type 3 interface referred to 
as: MDDI data4+/-, MDDI DataS+/-, MDDI Data6+/-, 
and MDDI Data7+/-, respectively. In each of the above 
interface configurations, a host can send power to the client or 
display using the wire-pair or signals designated as HOST 
Pwr and HOST Gnd. As discussed further below, power 
transfer can also be accommodated, if desired, in some con 
figurations on the MDDI data4+/-, MDDI Data5+/-, 
MDDI Data6+/-, or MDDI Data7+/- conductors when an 
interface “Type' is being used that employs fewer conductors 
than are available or present for the other modes. This Power 
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transfer is generally employed for external modes, there gen 
erally being no need for internal modes, although some appli 
cations may differ. 
A Summary of the signals passed between the host and 

client (display) over the MDDI link for various modes are 
illustrated in Table I, below, in accordance with the interface 
type. 

TABLE I 

Type 1 Type 2 Type 3 Type 4 

HOST HOST PwrfGnd HOST PwriCnd HOST PwrfGnd 
PwriGnd 
MDDI Stb+f- MDDI Stb+f- MDDI Stb+f- MDDI Stb+f- 
MDDI MDDI DataO+/- MDDI DataO+f- MDDI DataO+f- 
DataO+f- MDDI Data1 +/- MDDI Data1-f- MDDI Data1-if 

MDDI Data2+- MDDI Data2+f- 
MDDI Data+f- MDDI Data+f- 

Optional Pwr Optional Pwr Optional Pwr MDDI Data4+f- 
Optional Pwr Optional Pwr Optional Pwr MDDI Data5+f- 
Optional Pwr Optional Pwr Optional Pwr MDDI Data6+f- 
Optional Pwr Optional Pwr Optional Pwr MDDI Data7+f- 

Also note that the HOST Pwr/Gnd connections for trans 
fer from the host are provided generally for external modes. 
Internal applications or modes of operation generally have 
clients that draw power directly from otherinternal resources, 
and do not use MDDI to control power distribution, as would 
be apparent to one skilled in the art, so Such distribution is not 
discussed in further detail here. However, it is certainly pos 
sible to allow power to be distributed through the MDDI 
interface to allow for certain kinds of power control, synchro 
nization, or interconnection convenience, for example, as 
would be understood by one skilled in the art. 

Cabling generally used to implement the above structure 
and operation is nominally on the order of 1.5 meters in 
length, generally 2 meters or less, and contains three twisted 
pairs of conductors, each in turn being multi-strand 30 AWG 
wire. A foil shield covering is wrapped or otherwise formed 
above the three twisted pairs, as an additional drain wire. The 
twisted pairs and shield drain conductor terminate in the 
client connector with the shield connected to the shield for the 
client, and there is an insulating layer, covering the entire 
cable, as would be well known in the art. The wires are paired 
as: HOST Gnd with HOST Pwr: MDDI Stb+ with 
MDDI Stb-; MDDI Data0+ with MDDI DataO-; MDDI 
Data1+ with MDDI Data1-; and so forth. However, a variety 
of conductors and cabling can be used, as would be under 
stood in the art, to implement the embodiments of the inven 
tion, depending upon specific applications. For example, 
heavier outside coatings or even metallic layers may be used 
to protect the cable in some applications, while thinner, flatter 
conductive ribbon type structures may be well suited to other 
applications. 

D. Data Types and Rates 
To achieve a useful interface for a full range of user expe 

riences and applications, the Mobile Digital Data Interface 
(MDDI) provides support for a variety of clients and display 
information, audio transducers, keyboards, pointing devices, 
and many other input or output devices that might be inte 
grated into or working in concert with a mobile display 
device, along with control information, and combinations 
thereof. The MDD interface is designed to be able to accom 
modate a variety of potential types of streams of data travers 
ing between the host and client in either the forward or reverse 
link directions using a minimum number of cables or conduc 
tors. Both isochronous streams and asynchronous stream (up 
dates) are Supported. Many combinations of data types are 
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possible as long as the aggregate data rate is less than or equal 
to the maximum desired MDDI link rate, which is limited by 
the maximum serial rate and number of data airs employed. 
These could include, but are not limited to, those items listed 
in Tables II and III below. 

TABLE II 

Transferring from Host to Client 

isochronous video data 720 x 480, 12 bit, 30 fs ~124.5 Mbps 
isochronous stereo audio data 44.1 kHz, 16 bit, stereo ~1.4 Mbps 
asynchronous graphics data 800 x 600, 12 bit, ~115.2 Mbps 

10 fs, stereo 
asynchronous control Minimum <1.0 Mbps 

TABLE III 

Transferring from Client to Host 

isochronous voice data 8 kHz, 8 bit <1.0 Mbps 
isochronous video data 640x480, -88.5 Mbps 

12 bit, 24 fs 
asynchronous status, user input, etc. minimum <1.0 Mbps 

The interface is not fixed but extensible so that it can 
support the transfer of a variety of information “types” which 
includes user-defined data, for future system flexibility. Spe 
cific examples of data to be accommodated are: full-motion 
video, either in the form of full or partial screen bitmap fields 
or compressed video; static bitmaps at low rates to conserve 
power and reduce implementation costs: PCM or compressed 
audio data at a variety of resolutions or rates; pointing device 
position and selection, and user-definable data for capabilities 
yet to be defined. Such data may also be transferred along 
with control or status information to detect device capability 
or set operating parameters. 

Embodiments of the invention advance the art for use in 
data transfers that include, but are not limited to: watching a 
movie (video display and audio); using a personal computer 
with limited personal viewing (graphics display, sometimes 
combined with video and audio); playing a video game on a 
PC, console, or personal device (motion graphics display, or 
synthetic video and audio); 'Surfing the Internet, using 
devices in the form of a video phone (bi-directional low-rate 
Video and audio), a camera for still digital pictures, or a 
camcorder for capturing digital video images; using a phone, 
computer, or PDA docked with a projector to give a presen 
tation or docked with a desktop docking station connected to 
a video monitor, keyboard, and mouse; and for productivity 
enhancement or entertainment use with cell phones, Smart 
phones, or PDAs, including wireless pointing devices and 
keyboard data. 
The high speed data interface as discussed below is pre 

sented in terms of providing large amounts of A-V type data 
over a communication or transfer link which is generally 
configured as a wire-line or cable type link. However, it will 
be readily apparent that the signal structure, protocols, tim 
ing, or transfer mechanism could be adjusted to provide a link 
in the form of an optical or wireless media, if it can Sustain the 
desired level of data transfer. 
The MDD interface signals use a concept known as the 

Common Frame Rate (CFR) for the basic signal protocol or 
structure. The idea behind using of a Common Frame Rate is 
to provide a synchronization pulse for simultaneous isochro 
nous data streams. A client device can use this common frame 
rate as a time reference. A low CF rate increases channel 
efficiency by decreasing overhead to transmit the sub-frame 
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header. On the other hand, a high CF rate decreases the 
latency, and allows a smaller elastic data buffer for audio 
samples. The CF rate of the present inventive interface is 
dynamically programmable and may be set at one of many 
values that are appropriate for the isochronous streams used 
in a particular application. That is, the CF value is selected to 
best Suit the given client and host configuration, as desired. 
The number of bytes generally required per sub-frame, 

which is adjustable or programmable, for isochronous data 
steams that are most likely to be used with an application, 
such as for a video or micro-display are shown in Table IV. 

TABLE IV 

Common Frame Rate (CFR) = 300 Hz 

Bytes/ 
Frame Rate Sub 

X Y Bit Rate Channel (Mbps) frame 

Computer 720 480 24 30 1 248.832 10368O 
Game 
Computer 800 600 24 10 1 115.200 48000 
Graphics 
Video 640 48O 12 29.97 or 1 221.184 921 60 

30 
CD Audio 1 1 16 44100 2 1.4112 588 
Voice 1 1 8 8000 1 O.064 26-23 

Fractional counts of bytes per sub-frame are easily 
obtained using a simple programmable M/N counter struc 
ture. For example, a count of 26% bytes per CF is imple 
mented by transferring 2 frames of 27 bytes each followed by 
one sub-frame of 26 bytes. A smaller CF rate may be selected 
to produce an integer number of bytes per sub-frame. How 
ever, generally speaking, to implement a simple M/N counter 
in hardware should require less area within an integrated 
circuit chip or electronic module used to implement part or all 
of embodiments of the invention than the area needed for a 
larger audio sample FIFO buffer. 
An exemplary application that illustrates the impact of 

different data transfer rates and data types is a Karaoke sys 
tem. For Karaoke, a system where an end user, or users, sings 
along with a music video program. Lyrics of the song are 
displayed somewhere on, typically at the bottom of a screen 
so the user knows the words to be sung, and roughly the 
timing of the song. This application requires a video display 
with infrequent graphics updates, and mixing of the user's 
Voice, or voices, with a stereo audio stream. 

If one assumes a common frame rate of 300 Hz, then each 
sub-frame will consist of 92.160 bytes of video content and 
588 bytes of audio content (based on 147 16-bit samples, in 
stereo) over the forward link to the client display device, and 
an average of 26.67 (26%) bytes of voice are sent back from 
a microphone to the mobile Karaoke machine. Asynchronous 
packets are sent between the host and the display, possibly 
head mounted. This includes at most 768 bytes of graphics 
data (quarter-screen height), and less than about 200 bytes 
(several) bytes for miscellaneous control and status com 
mands. 

TableV, shows how data is allocated within a sub-frame for 
the Karaoke example. The total rate being used is selected to 
be about 279Mbps. A slightly higher rate of 280 Mbps allows 
about another 400 bytes of data per sub-frame to be trans 
ferred which allows the use of occasional control and status 
messages. 
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TABLEV 

Overhead Media 
Bytes Bytes 
per per 

Element Rate sub-frame sub-frame 

Music Video at 640x480 pixels and 30 fps 2 * 28 = 56 921 60 
Lyric Text at 640 x 120 pixels and 1 fps 28 768 
Updated in 10 sub-frames, 1/30 sec. 
CD Audio at 44,100 sps, stereo, 16-bit 2 * 16 = 32 S88 
Voice at 8,000 sps, mono, 8-bit 28 + 8 + 26.67 

8 + (4 * 16) + 
(3* 27) = 125 

Sub-frame Header 22 

Total Bytes/CF 263 115815 
Total Rate (Mbps) (263 + 115815)* 

8 * 300 = 278.5872 

III. (Continued) High Rate Digital Data Interface System 
Architecture 

E. Link Layer 
Data transferred using the MDD interface high-speed 

serial data signals consists of a stream of time-multiplexed 
packets that are linked one after the other. Even when a 
transmitting device has no data to send, a MDDI link control 
ler generally automatically sends filler packets, thus, main 
taining a stream of packets. The use of a simple packet struc 
ture ensures reliable isochronous timing for video and audio 
signals or data streams. 

Groups of packets are contained within signal elements or 
structures referred to as Sub-frames, and groups of sub-frames 
are contained within signal elements or structures referred to 
as a media-frame. A sub-frame contains one or more packets, 
depending on their respective size and data transfer uses, and 
a media-frame contains one more Sub-frames. The largest 
sub-frame provided by the protocol employed by the embodi 
ments presented here is on the order of 2-1 or 4.294.967, 
295 bytes, and the largest media-frame size then becomes on 
the order of 2'-1 or 65,535 sub-frames. 
A special Sub-frame header packet contains a unique iden 

tifier that appears at the beginning of each Sub-frame, as is 
discussed below. That identifier is also used for acquiring the 
frame timing at the client device when communication 
between the host and client is initiated. Link timing acquisi 
tion is discussed in more detail below. 

Typically, a display screen is updated once per media 
frame when full-motion video is being displayed. The display 
frame rate is the same as the media-frame rate. The link 
protocol Supports full-motion video over an entire display, or 
just a small region of full-motion video content Surrounded by 
a static image, depending on the desired application. In some 
low-power mobile applications, such as viewing web pages or 
email, the display Screen may only need to be updated occa 
sionally. In those situations, it is advantageous to transmit a 
single Sub-frame and then shut down or inactivate the link to 
minimize power consumption. The interface also supports 
effects such as Stereo vision, and handles graphics primitives. 

Sub-frames allow a system to enable the transmission of 
high-priority packets on a periodic basis. This allows simul 
taneous isochronous streams to co-exist with a minimal 
amount of data buffering. This is one advantage embodiments 
provide to the display process, allowing multiple data streams 
(high speed communication of video, Voice, control, status, 
pointing device data, etc.) to essentially share a common 
channel. It transfers information using relatively few signals. 
It also enables display-technology-specific actions to exist, 
Such as horizontal sync pulses and blanking intervals for a 
CRT monitor, or for other client-technology-specific actions. 
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F. Link Controller 
The MDDI link controller shown in FIGS. 4 and 5 is 

manufactured or assembled to be a completely digital imple 
mentation with the exception of the differential line receivers 
which are used to receive MDDI data and strobe signals. 
However, even the differential line drivers and receivers can 
be implemented in the same digital integrated circuits with 
the link controller, such as when making a CMOS type IC. No 
analog functions or phase lock loops (PLLs) are required for 
bit recovery or to implement the hardware for the link con 
troller. The host and client link controllers contain very simi 
lar functions, with the exception of the client interface which 
contains a state machine for link synchronization. Therefore, 
the embodiments of the invention allow the practical advan 
tage of being able to create a single controller design or circuit 
that can be configured as either a host or client, which can 
reduce manufacturing costs for the link controllers, as a 
whole. 
IV. Interface Link Protocol 
A. Frame Structure 
The signal protocol or frame structure used to implement 

the forward link communication for packet transfer is illus 
trated in FIG. 6. As shown in FIG. 6, information or digital 
data is grouped into elements known as packets. Multiple 
packets are in turn grouped together to form what are referred 
to as a “sub-frame,” and multiple sub-frames are in turn 
grouped together to form a “media' frame. To control the 
formation of frames and transfer of sub-frames, each sub 
frame begins with a specially predefined packet referred to as 
a Sub-frame Header Packet (SHP). 
The host device selects the data rate to be used for a given 

transfer. This rate can be changed dynamically by the host 
device based on both the maximum transfer capability of the 
host, or the data being retrieved from a source by the host, and 
the maximum capability of the client, or other device the data 
is being transferred to. 
A recipient client device designed for, or capable of work 

ing with the MDDI or inventive signal protocol is able to be 
queried by the host to determine the maximum, or current 
maximum, data transfer rate it can use, or a default slower 
minimum rate may be used, as well as useable data types and 
features supported. This information could be transferred 
using a Client Capability Packet (DCP), as discussed further 
below. The client display device is capable of transferring 
data or communicating with other devices using the interface 
at a pre-selected minimum data rate or within a minimum data 
rate range, and the host will perform a query using a data rate 
within this range to determine the full capabilities of the client 
devices. 

Other status information defining the nature of the bitmap 
and video frame-rate capabilities of the client can be trans 
ferred in a status packet to the host so that the host can 
configure the interface to be as efficient or optimal as practi 
cal, or desired within any system constraints. 
The host sends filler packets when there are no (more) data 

packets to be transferred in the present sub-frame, or when the 
host cannot transfer at a rate Sufficient to keep pace with the 
data transmission rate chosen for the forward link. Since each 
sub-frame begins with a sub-frame header packet, the end of 
the previous Sub-frame contains a packet (most likely a filler 
packet) the exactly fills the previous sub-frame. In the case of 
a lack of room for data bearing packets perse, a filler packet 
will most likely be the last packet in a sub-frame, or at the end 
of a next previous sub-frame and before a sub-frame header 
packet. It is the task of the control operations in a host device 
to ensure that there is sufficient space remaining in a Sub 
frame for each packet to be transmitted within that sub-frame. 



US 8,687,658 B2 
23 

At the same time, once a host device initiates the sending of a 
data packet, the host must be able to Successfully complete a 
packet of that size within a frame without incurring a data 
under-run condition. 

In one aspect of embodiments, Sub-frame transmission has 
two modes. One mode is a periodic Sub-frame mode, or 
periodic timing epochs, used to transmit live video and audio 
streams. In this mode, the Sub-frame length is defined as 
being non-zero. The second mode is an asynchronous or 
non-periodic mode in which frames are used to provide bit 
map data to a client when new information is available. This 
mode is defined by setting the sub-frame length to Zero in the 
Sub-frame Header Packet. When using the periodic mode, 
Sub-frame packet reception may commence when the client 
has synchronized to the forward link frame structure. This 
corresponds to the “in Sync’ states defined according to the 
state diagram discussed below with respect to FIG. 49 or FIG. 
63. In the asynchronous non-periodic Sub-frame mode, recep 
tion commences after the first Sub-frame Header packet is 
received. 

B. Overall Packet Structure 
The format or structure of packets used to formulate the 

communication or signal protocol, or method or means for 
transferring data, implemented by the embodiments are pre 
sented below, keeping in mind that the interface is extensible 
and additional packet structures can be added as desired. The 
packets are labeled as, or divided into, different “packet 
types” in terms of their function in the interface, that is, 
commands, information, value, or data they transfer or are 
associated with. Therefore, each packet type denotes a pre 
defined packet structure for a given packet which is used in 
manipulating the packets and data being transferred. As will 
be readily apparent, the packets may have pre-selected 
lengths or have variable or dynamically changeable lengths 
depending on their respective functions. The packets could 
also bear differing names, although the same function is still 
realized, as can occur when protocols are changed during 
acceptance into a standard. The bytes or byte values used in 
the various packets are configured as multi-bit (8- or 16-bit) 
unsigned integers. A Summary of the packets being employed 
along with their “type' designations, listed in type order, is 
shown in Tables VI-1 through VI-4. 

Each table represents a general “type' of packet within the 
overall packet structure for ease in illustration and under 
standing. There is no limitation or other impact implied or 
being expressed for the invention by these groupings, and the 
packets can be organized in many other fashions as desired. 
The direction in which transfer of a packet is considered valid 
is also noted. 

TABLE VI-1 

Link Control Packets 

Packet Valid in Valid in 
PacketName Type Forward Reverse 

Sub-frame Header Packet 15359 X 
Filler Packet O X X 

Reverse Link Encapsulation Packet 65 X 
Link Shutdown Packet 69 X 
Interface Type Handoff Request Packet 75 X 
Interface Type Acknowledge Packet 76 X 
Perform Type Handoff Packet 77 X 
Forward Audio Channel Enable Packet 78 X 
Round Trip Delay Measurement Packet 82 X 
Forward Link Skew Calibration Packet 83 X 
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24 
TABLE VI-2 

Basic Media Stream Packets 

Packet Valid in Valid in 
PacketName Type Forward Reverse 

Video Stream Packet 16 X X 
Audio Stream Packet 32 X X 
Reserved Stream Packets 1-15, X X 

18–31, 
33-55 

User-Defined Stream Packets 56-63 X X 

Color Map Packet 64 X X 
Reverse Audio Sample Rate Packet 79 X 
Transparent Color Enable Packet 81 X 

TABLE VI-3 

Client Status and Control Packets 

Packet Valid in Valid in 
Packet Name Type Forward Reverse 

Client Capability Packet 66 X 
Keyboard Data Packet 67 X X 
Pointing Device Data Packet 68 X X 
Client Request and Status Packet 70 X 
Digital Content Protection Overhead 8O X X 
Packet 
Request VCP Feature Packet 128 X 
VCP Feature Reply Packet 129 X 
Set VCP Feature Packet 130 X 
Request Valid Parameter Packet 131 X 
Valid Parameter Reply Packet 132 X 
Request Specific Status Packet 138 X 
Valid Status Reply List Packet 139 X 
Packet Processing Delay Parameters 140 X 
Packet 
Personal Display Capability Packet 141 X 
Client Error Report Packet 142 X 
Scaled Video Stream Capability Packet 143 X 
Client Identification Packet 144 X 
Alternate Display Capability Packet 145 X 
Register Access Packet 146 X X 

TABLE VI-4 

Advanced Graphic and Display Packets 

Packet Valid in Valid in 
PacketName Type Forward Reverse 

Bit Block Transfer Packet 71 X 
Bitmap Area Fill Packet 72 X 
Bitmap Pattern Fill Packet 73 X 
Read Frame Buffer Packet 74 X 
Alpha-Cursor Image Capability Packet 133 X 
Alpha-Cursor Transparency Map Packet 134 X 
Alpha-Cursor Image Offset Packet 135 X 
Alpha-Cursor Video Stream Packet 17 X 
Scaled Video Stream Capability Packet 143 X 
Scaled Video Stream Setup Packet 136 X 
Scaled Video Stream Acknowledgement 137 X 
Packet 
Scaled Video Stream Packet 18 X 

Something that is clear from other discussions within this 
text is that while the Reverse Encapsulation Packet, Client 
Capability Packet, and Client Request and Status Packet are 
each considered very important to, or even required in many 
embodiments of communication interfaces, for External 
Mode operation, while they can be or are more likely to be 
considered optional for Internal Mode operation. This creates 
yet another type of MDD Interface protocol which allows 
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communication of data at very high speeds with a reduced set 
of communications packets, and corresponding simplifica 
tion of control and timing. 

Packets have a common basic structure or overall set of 
minimum fields comprising a Packet Length field, a Packet 
Type field, Data Bytes field(s), and a CRC field, which is 
illustrated in FIG. 7. As shown in FIG. 7, the Packet Length 
field contains information, in the form of a multi-bit or -byte 
value, that specifies the total number of bits in the packet, or 
its length between the packet length field and the CRC field. 
In one embodiment, the packet length field contains a 16-bit 
or 2-byte wide, unsigned integer, that specifies the packet 
length. The Packet Type field is another multi-bit field which 
designates the type of information that is contained within the 
packet. In an exemplary embodiment, this is an 16-bit or 
2-byte wide value, in the form of an 16-bit unsigned integer, 
and specifies such data types as display capabilities, handoff, 
Video or audio streams, status, and so forth. 
A third field is the Data Bytes field, which contains the bits 

or data being transferred or sent between the host and client 
devices as part of that packet. The format of the data is defined 
specifically for each packet type according to the specific type 
of data being transferred, and may be separated into a series of 
additional fields, each with its own format requirements. That 
is, each packet type will have a defined format for this portion 
or field. The last field is the CRC field which contains the 
results of a 16-bit cyclic redundancy check calculated over the 
Data Bytes, Packet Type, and Packet Length fields, which is 
used to confirm the integrity of the information in the packet. 
In other words, calculated over the entire packet except for the 
CRC field itself. The client generally keeps a total count of the 
CRC errors detected, and reports this countback to the host in 
the Client Request and Status Packet (see further below). 

Generally, these field widths and organization are designed 
to keep 2-byte fields aligned on an even byte boundary, and 
4-byte fields aligned on 4-byte boundaries. This allows packet 
structures to be easily built in a main memory space of, or 
associated with, a host and a client without violating the 
data-type alignment rules encountered for most or typically 
used processors or control circuits. 

During transfer of the packets, fields are transmitted start 
ing with the Least Significant Bit (LSB) first and ending with 
the Most Significant Bit (MSB) transmitted last. Parameters 
that are more than one byte in length are transmitted using the 
least significant byte first, which results in the same bit trans 
mission pattern being used for a parameter greater than 8bits 
in length, as is used for a shorter parameter where the LSB is 
transmitted first. The data fields of each packet are generally 
transmitted in the order that they are defined in the subsequent 
sections below, with the first field listed being transmitted 
first, and the last field described being transmitted last. The 
data on the MDDI Data0 signal path is aligned with bit 0 of 
bytes transmitted on the interface in any of the modes, Type 1, 
Type 2, Type 3, or Type-4. 
When manipulating data for displays, the data for arrays of 

pixels are transmitted by rows first, then columns, as is tradi 
tionally done in the electronics arts. In other words, all pixels 
that appear in the same row in a bit map are transmitted in 
order with the left-most pixel transmitted first and the right 
most pixel transmitted last. After the right-most pixel of a row 
is transmitted then the next pixel in the sequence is the left 
most pixel of the following row. Rows of pixels are generally 
transmitted in order from top to bottom for most displays, 
although other configurations can be accommodated as 
needed. Furthermore, in handling bitmaps, the conventional 
approach, which is followed here, is to define a reference 
point by labeling the upper-left corner of a bitmap as location 
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or offset "0.0. The X and Y coordinates used to define or 
determine a position in the bitmap increase in value as one 
approaches the right and bottom of the bitmap, respectively. 
The first row and first column (upper left corner of an image) 
start with an index value of Zero. The magnitude of the X 
coordinate increases toward the right side of the image, and 
the magnitude of the Y coordinate increases toward the bot 
tom of the image as viewed by the user of the display. 
A display window is the visible portion of a bitmap, the 

portion of the pixels in the bitmap that can be seen by the user 
on the physical display medium. It is often the case that the 
display window and the bitmap are the same size. The upper 
left corner of a display window always displays bitmap pixel 
location 0.0. The width of the display window corresponds 
to the X axis of the bitmap, and the display window width for 
this embodiment is less than or equal to the width of the 
corresponding bitmap. The height of the window corresponds 
to the Y axis of the bitmap, and the display window height for 
this embodiment is less than or equal to the height of the 
corresponding bitmap. The display window itself is not 
addressable in the protocol because it is only defined as the 
visible portion of a bitmap. 
The relationship between a bitmaps and display windows is 

well known in the computer, electronic art, Internet commu 
nication, and other electronics related arts. Therefore, no 
further discussion or illustration of these principles is pro 
vided here. 

C. Packet Definitions 
1. Sub-Frame Header Packet 
The Sub-Frame Header packet is the first packet of every 

sub-frame, and has a basic structure as illustrated in FIG. 8. 
The Sub-Frame Header Packet is used for host-client syn 
chronization, every host should be able to generate this 
packet, while every client should be able to receive and inter 
pret this packet. As can be seen in one embodiment in FIG. 8, 
this type of packet is structured to have Packet Length, Packet 
Type, Unique Word, Reserved 1, Sub-Frame Length, Proto 
col Version, Sub-Frame Count, and Media-frame Count 
fields, generally in that order. In one embodiment, this type of 
packet is generally identified as a Type 15359 (0x3bff hexa 
decimal) packet and uses a pre-selected fixed length of 20 
bytes, not including the packet length field. 
The Packet Type field and the Unique Word field each use 

a 2 byte value (16-bit unsigned integer). The 4-byte combi 
nation of these two fields togetherforms a 32-bit unique word 
with good autocorrelation. In one embodiment, the actual 
unique word is 0x005a3bff, where the lower 16 bits are trans 
mitted first as the Packet Type, and the most significant 16 bits 
are transmitted afterward. 
The Reserved 1 field contains 2 bytes that are reserved 

space for future use, and is generally configured at this point 
with all bits set to zero. One purpose of this field is to cause 
subsequent 2-byte fields to align to a 16-bit word address and 
cause 4-byte fields to align to a 32-bit word address. The least 
significant byte is reserved to indicate whether or not a host is 
capable of addressing multiple client devices. A value of Zero 
for this byte is reserved to indicate that the host is capable of 
operating only with a single client device. 
The Sub-frame Length field contains 4 bytes of informa 

tion, or values, that specifies the number of bytes per sub 
frame. In one embodiment, the length of this field may be set 
equal to zero to indicate that only one sub-frame will be 
transmitted by the host before the link is shut down into an 
idle state. The value in this field can be dynamically changed 
“on-the-fly” when transitioning from one sub-frame to the 
next. This capability is useful in order to make minor timing 
adjustments in the sync pulses for accommodating isochro 
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nous data streams. If the CRC of the Sub-frame Header 
packet is not valid then the link controller should use the 
Sub-frame Length of the previous known-good Sub-frame 
Headerpacket to estimate the length of the current sub-frame. 
The Protocol Version field contains 2 bytes that specify the 

protocol version used by the host. The Protocol Version field 
may be set to 0 to specify the first or current version of the 
protocol as being used. This value will change over time as 
new versions are created, and is already being upgraded to a 
value of 1 for some version fields. Version values will prob 
ably or generally follow a current version number for an 
approved standards document which covers interfaces Such 
as MDDI, as would be known. 
The Sub-frame Count field contains 2 bytes that specify a 

sequence number that indicates the number of Sub-frames 
that have been transmitted since the beginning of the media 
frame. The first sub-frame of the media-frame has a Sub 
frame Count of Zero. The last sub-frame of the media-frame 
has a value of n-1, where n is the number of sub-frames per 
media-frame. The value of the Sub-frame Count field is equal 
to the Sub-frame Count sent in the previous Sub-Frame 
packet plus 1, except for a first Sub-frame of a media-frame 
which will have a count of Zero. Note that if the Sub-frame 
Length is set equal to Zero (indicating a non-periodic Sub 
frame) then the Sub-frame count is also set equal to Zero. 
The Media-frame Count field contains 4 bytes (32-bit 

unsigned integer) that specify a sequence number that indi 
cates the number of media-frames that have been transmitted 
since the beginning of the present media item or data being 
transferred. The first media-frame of a media item has a 
Media-frame Count of Zero. The Media-frame Count incre 
ments just prior to the first sub-frame of each media-frame 
and wraps back to Zero after the maximum Media-frame 
Count (for example, media-frame number 21=4.294.967, 
295) is used. The Media-frame Count value may be reset 
generally at any time by the Host to Suit the needs of an end 
application. 
2. Filler Packet 
A filler packet is a packet that is transferred to, or from, a 

client device when no other information is available to be sent 
on either the forward or reverse link. It is recommended that 
filler packets have a minimum length in order to allow maxi 
mum flexibility in sending other packets when required. At 
the very end of a Sub-frame or a reverse link encapsulation 
packet (see below), a link controller sets the size of the filler 
packet to fill the remaining space to maintain packet integrity. 
The Filler Packet is useful to maintaintiming on the link when 
the host or client have no information to send or exchange. 
Every host and client needs to be able to send and receive this 
packet to make effective use of the interface. 
An exemplary embodiment of the format and contents of a 

Filler Packet are shown in FIG. 9. As shown in FIG. 9, this 
type of packet is structured to have Packet Length, Packet 
Type, Filler Bytes, and CRC fields. In one embodiment, this 
type of packet is generally identified as a Type 0, which is 
indicated in the 2-byte Type field. The bits or bytes in the 
Filler Bytes field comprise a variable number of all Zero bit 
values to allow the filler packet to be the desired length. The 
smallest filler packet contains no bytes in this field. That is, 
the packet consists of only the packet length, packet type, and 
CRC, and in one embodiment uses a pre-selected fixed length 
of 6 bytes or a Packet Length value of 4. The CRC value is 
determined for all bytes in the packet including the Packet 
Length, which may be excluded in some other packet types. 
3. Video Stream Packet 

Video Stream Packets carry video data to update typically 
rectangular regions of a display device. The size of this region 
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may be as Small as a single pixel or as large as the entire 
display. There may be an almost unlimited number of streams 
displayed simultaneously, limited by System resources, 
because all context required to display a stream is contained 
within the Video Stream Packet. The format of one embodi 
ment of a Video Stream Packet (Video Data Format Descrip 
tor) is shown in FIG. 10. As seen in FIG. 10, in one embodi 
ment, this type of packet is structured to have Packet Length 
(2 bytes), Packet Type, bOlient ID. Video Data Descriptor, 
Pixel Display Attributes, X Left Edge, YTop Edge, X Right 
Edge,Y Bottom Edge, X and Y Start, Pixel Count, Parameter 
CRC, Pixel Data, and Pixel Data CRC fields. This type of 
packet is generally identified as a Type 16, which is indicated 
in the 2-byteType field. In one embodiment, a client indicates 
an ability to receive a Video Stream Packet using RGB, 
Monochrome, and Y Cr Cb Capability fields of the Client 
Capability Packet. 

In one embodiment, the bClient ID field contains 2 bytes of 
information that are reserved for a Client ID. Since this is a 
newly developed communications protocol actual client IDs 
are not yet known or sufficiently communicable. Therefore, 
the bits in this field are generally set equal to zero until such 
ID values are known, at which time the ID values can be 
inserted or used, as would be apparent to those skilled in the 
art. The same process will generally be true for the client ID 
fields discussed below. 
The common frame concept discussed above is an effective 

way to minimize the audio buffer size and decrease latency. 
However, for video data it may be necessary to spread the 
pixels of one video frame across multiple Video Stream Pack 
ets within a media-frame. It is also very likely that the pixels 
in a single Video Stream Packet will not exactly correspond to 
a perfect rectangular window on the display. For the exem 
plary video frame rate of 30 frames per second, there are 300 
sub-frames per second, which results in 10 sub-frames per 
media-frame. If there are 480 rows of pixels in each frame, 
each Video Stream Packet in each sub-frame will contain 48 
rows of pixels. In other situations, the Video Stream Packet 
might not contain an integer number of rows of pixels. This is 
true for other video frame sizes where the number of Sub 
frames per media-frame does not divide evenly into the num 
ber of rows (also known as video lines) per video frame. For 
efficient operation, each Video Stream Packet generally must 
contain an integer number of pixels, even though it might not 
contain an integer number of rows of pixels. This is important 
if pixels are more than one byte each, or if they are in a packed 
format as shown in FIG. 12. 
The format and contents employed for realizing the opera 

tion of an exemplary Video Data Descriptor field, as men 
tioned above, are shown in FIGS. 11A-11E. In FIGS. 11A 
11E, the Video Data Format Descriptor field contains 2 bytes 
in the form of a 16-bit unsigned integer that specifies the 
format of each pixel in the Pixel Data in the present stream in 
the present packet. It is possible that different Video Stream 
packets may use different pixel data formats, that is, use a 
different value in the Video Data Format Descriptor, and 
similarly, a stream (region of the display) may change its data 
format on-the-fly. The pixel data format should comply with 
at least one of the valid formats for the client as defined in the 
Client Capability Packet. The Video Data Format Descriptor 
defines the pixel format for the present packet only which 
does not imply that a constant format will continue to be used 
for the lifetime of a particular video stream. 

FIGS. 11A through 11D illustrate how the Video Data 
Format Descriptor is coded. As used in these figures, and in 
this embodiment, when bits 15:13 are equal to 000, as 
shown in FIG. 11A, then the video data consists of an array of 
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monochrome pixels where the number of bits per pixel is 
defined by bits 3 through 0 of the Video Data Format Descrip 
tor word. Bits 11 through 4 are generally reserved for future 
use or applications and are set to Zero in this situation. When 
bits 15:13 are instead equal to the values 001, as shown in 
FIG. 11B, then the video data consists of an array of color 
pixels that each specify a color through a color map (palette). 
In this situation, bits 5 through 0 of the Video Data Format 
Descriptor word define the number of bits per pixel, and bits 
11 through 6 are generally reserved for future use or applica 
tions and set equal to zero. When bits 15:13 are instead 
equal to the values 010, as shown in FIG. 11C, then the 
video data consists of an array of color pixels where the 
number of bits per pixel of red is defined by bits 11 through 8. 
the number of bits per pixel of green is defined by bits 7 
through 4, and the number of bits per pixel of blue is defined 
by bits 3 through 0. In this situation, the total number of bits 
in each pixel is the sum of the number of bits used for red, 
green, and blue. 

However, when bits 15:13 are instead equal to the values 
or string 011, as shown in FIG. 11D, then the video data 
consists of an array of video data in 4:2:2YCbCrformat with 
luminance and chrominance information, where the number 
of bits per pixel of luminance (Y) is defined by bits 11 through 
8, the number of bits of the Cb component is defined by bits 
7 through 4, and the number of bits of the Cr component is 
defined by bits 3 through 0. The total number of bits in each 
pixel is the sum of the number of bits used for red, green, and 
blue. The Cb and Cr components are sent at half the rate as Y. 
In addition, the video samples in the Pixel Data portion of this 
packet are organized as follows: Cbn. Yn, Crn, Yn+1, Cbn+2, 
Yn+2, Crn--2, Yn+3,... where Cbn and Crn are associated 
with Yn and Yn+1, and Cbn+2 and Crn--2 are associated with 
Yn+2 and Yn--3, and so on. 

Yn, Yn--1, Yn-2 and Yn+3 are luminance values of four 
consecutive pixels in a single row from left to right. If there 
are an odd number of pixels in a row (X Right Edge-X Left 
Edge+1) in the window referenced by the Video Stream 
Packet then the Y value corresponding to the last pixel in each 
row will be followed by the Cb value of the first pixel of the 
next row, and a Cr value is not sent for the last pixel in the row. 
It is recommended that windows using YCbCr format have 
a width that is an even number of pixels. The Pixel Data in a 
packet should contain an even number of pixels. It may con 
tain an odd or even number of pixels in the case where the last 
pixel of the Pixel Data corresponds to the last pixel of a row in 
the window specified in the Video Stream Packet header, i.e. 
when the X location of the last pixel in the Pixel Data is equal 
to X Right Edge. 
When bits 15:13 are insteadequal to the values 100 then 

the video data consists of an array of Bayer pixels where the 
number of bits per pixel is defined by bits 3 through 0 of the 
Video Data Format Descriptor word. The Pixel Group Pattern 
is defined by bits 5 and 4 as shown in FIG. 11E. The order of 
pixel data may be horizontal or vertical, and the pixels in rows 
or columns may be sent in forward or backward order and is 
defined by bits 8 through 6. Bits 11 through 9 should be set to 
Zero. The group of four pixels in the pixel group in the Bayer 
format resembles what is often referred to as a single pixel in 
Some display technologies. However, one pixel in the Bayer 
format is only one of the four colored pixels of the pixel group 
mosaic pattern. 

For all five formats shown in the figures, Bit 12, which is 
designated as “P” specifies whether or not the Pixel Data 
samples are packed, or byte-aligned pixel data. A value of '0' 
in this field indicates that each pixel in the Pixel Data field is 
byte-aligned with an MDD interface byte boundary. A value 
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of 1 indicates that each pixel and each color within each 
pixel in the Pixel Data is packed up against the previous pixel 
or color within a pixel leaving no unused bits. The difference 
between Byte-Aligned and Packed Pixel data format is shown 
in more detail in FIG. 12, where one can clearly see that 
byte-aligned data may leave unused portions of the data Sub 
frame, as opposed to packed pixel format which does not. 
The first pixel in the first video stream packet of a media 

frame for a particular display window will go into the upper 
left corner of the stream window defined by an X Left Edge 
and a YTop Edge, and the next pixel received is placed in the 
next pixel location in the same row, and so on. In this first 
packet of a media frame, the X start value will usually be 
equal to X Left Edge, and Y start value will usually be equal 
to Y Top Edge. In Subsequent packets corresponding to the 
same screen window, the X and Y start values will usually be 
set to the pixel location in the screen window that would 
normally follow after the last pixel sent in the Video Stream 
Packet that was transmitted in the previous sub-frame. 
4. Audio Stream Packet 
The audio stream packets carry audio data to be played 

through the audio system of the client, or for a stand alone 
audio presentation device. Different audio data streams may 
be allocated for separate audio channels in a sound system, 
for example: left-front, right-front, center, left-rear, and right 
rear, depending on the type of audio system being used. A full 
complement of audio channels is provided for headsets that 
contain enhanced spatial-acoustic signal processing. A client 
indicates an ability to receive an Audio Stream Packet using 
the Audio Channel Capability and Audio Sample Rate fields 
of the Client Capability Packet. The format of Audio Stream 
Packets is illustrated in FIG. 13. 
As shown in FIG. 13, this type of packet is structured in one 

embodiment to have Packet Length, Packet Type, bOlientID, 
Audio Channel ID, Reserved 1, Audio Sample Count, Bits 
Per Sample and Packing, Audio Sample Rate, Parameter 
CRC, Digital Audio Data, and Audio Data CRC fields. In one 
embodiment, this type of packet is generally identified as a 
Type 32 packet. 
The bClient ID field contains 2 bytes of information that 

are reserved for a Client ID, as used previously. The Reserved 
1 field contains 2 bytes that is reserved for future use, and is 
generally configured at this point with all bits set to Zero. 
The Bits Per Sample and Packing field contains 1 byte in 

the form of an 8-bit unsigned integer that specifies the pack 
ing format of audio data. The format generally employed is 
for Bits 4 through 0 to define the number of bits per PCM 
audio sample. Bit 5 then specifies whether or not the Digital 
Audio Data samples are packed. The difference between 
packed and byte-aligned audio samples, here using 10-bit 
samples, is illustrated in FIG. 14. A value of 0 indicates that 
each PCM audio sample in the Digital Audio Data field is 
byte-aligned with an MDDI interface byte boundary, and a 
value of 1 indicates that each successive PCM audio sample 
is packed up against the previous audio sample. This bit is 
generally effective only when the value defined in bits 4 
through 0 (the number of bits per PCM audio sample) is not a 
multiple of eight. Bits 7 through 6 are reserved for future use 
and are generally set at a value of Zero. 
5. Reserved Stream Packets 

In one embodiment, packet types 1 to 15, 18 to 31, and 33 
through 55 are reserved for stream packets to be defined for 
use in future versions or variations of the packet protocols, as 
desired for various applications encountered. Again, this is 
part of making the MDD interface more flexible and useful in 
the face of ever changing technology and system designs as 
compared to other techniques. 
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6. User-Defined Stream Packets 
Eight data stream types, known as Types 56 through 63, are 

reserved for use in proprietary applications that may be 
defined by equipment manufacturers for use with a MDDI 
link. These are known as User-defined Stream Packets. Such 
packets may be used for any purpose, but the host and client 
should only employ such packets in situations where the 
result of such use is very well understood or known. The 
specific definition of the stream parameters and data for these 
packet types is left to the specific equipment manufacturers or 
interface designers implementing Such packet types or seek 
ing their use. Some exemplary uses of the User-defined 
Stream Packets are to convey test parameters and test results, 
factory calibration data, and proprietary special use data. The 
format of the user-defined stream packets as used in one 
embodiment is illustrated in FIG. 15. As shown in FIG. 15, 
this type of packet is structured to have Packet Length (2 
bytes), Packet Type, bOlient ID number, Stream Parameters, 
Parameter CRC, Stream Data, and Stream Data CRC fields. 
7. Color Map Packets 
The color map packets specify the contents of a color map 

look-up table used to present colors for a client. Some appli 
cations may require a color map that is larger than the amount 
of data that can be transmitted in a single packet. In these 
cases, multiple Color Map packets may be transferred, each 
with a different subset of the color map by using the offset and 
length fields described below. The format of the Color Map 
Packet in one embodiment is illustrated in FIG. 16. As shown 
in FIG. 16, this type of packet is structured to have Packet 
Length, Packet Type. hClient ID, Color Map Item Count, 
Color Map Offset, Parameter CRC, Color Map Data, and 
Data CRC fields. In one embodiment, this type of packet is 
generally identified as a Type 64 packet (Video Data Format 
and Color Map Packet) as specified in the Packet Type Field 
(2 bytes). A client indicates an ability to receive Color Map 
Packets using the Color Map Size and Color MapWidth fields 
of the Client Capability Packet. 
8. Reverse Link Encapsulation Packets 

In an exemplary embodiment, data is transferred in the 
reverse direction using a Reverse Link Encapsulation Packet. 
A forward link packet is sent and the MDDI link operation 
(transfer direction) is changed or turned around in the middle 
of this packet so that packets can be sent in the reverse direc 
tion. The format of the Reverse Link Encapsulation packet in 
one embodiment is illustrated in FIG. 17. As shown in FIG. 
17, this type of packet is structured to have Packet Length, 
Packet Type. hCLient ID, Reverse Link Flags, Reverse Rate 
Divisor, Turn-Around 1 Length, Turn-Around 2 Length, 
Parameter CRC, All Zero 1, Turn-Around 1, Reverse Data 
Packets, Turn-Around 2, and All Zero 2 fields. In one embodi 
ment, this type of packet is generally identified as a Type 65 
packet. For External Mode every host must be able to gener 
ate this packet and receive data, and every client must be able 
to receive and send data to the host in order to efficiently make 
use of the desired protocol and resulting speed. Implementa 
tion of this packet is optional for Internal Mode, but the 
Reverse Link Encapsulation Packet is used for the host to 
receive data from the client. 
The MDDI link controller behaves in a special manner 

while sending a Reverse Link Encapsulation Packet. The 
MDD interface has a strobe signal that is generally always 
driven by the host as controller of the link. The host behaves 
as if it were transmitting a zero for each bit of the Turn 
Around and Reverse Data Packets portions of the Reverse 
Link Encapsulation packet. The host toggles a MDDI Strobe 
signal at each bit boundary during the two turn-around times 
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and during the time allocated for reverse data packets. (This is 
the same behavior as if it were transmitting all-Zero data.) 
The host disables its MDDI data signal line drivers during 

the time period specified by Turn-Around 1, and the client 
re-enables its line drivers during the Driver Re-enable field 
following the time period specified by Turn-Around 2 field. 
The client reads the Turn-Around Length parameter and 
drives the data signals toward the host immediately after the 
last bit in the Turn-Around 1 field. That is, the client clocks 
new data into the link on certain rising edges of the MDDI 
strobe as specified in the packet contents description below, 
and elsewhere. The client uses the Packet Length and Turn 
Around Length parameters to know the length of time it has 
available to send packets to the host. The client may sendfiller 
packets or drive the data lines to a Zero State when it has no 
data to send to the host. If the data lines are driven to zero, the 
host interprets this as a packet with a Zero length (not a valid 
length) and the host does not accept any more packets from 
the client for the duration of the current Reverse Link Encap 
sulation Packet. 
The Host drives the MDDI Data signals to the logic-zero 

level during the All Zero 1 field, and a client drives the MDDI 
data lines to a logic-Zero level for at least one reverse link 
clock period before the start of the Turn Around 2 field, that is 
during the All Zero 2 field period. This keeps the data lines in 
a deterministic state during the Turn Around 1 and Turn 
Around 2 fields time period. If the client has no more packets 
to send, it may even disable the data lines after driving them 
to a logic-Zero level because the hibernation bias resistors 
(discussed elsewhere) keep the data lines at a logic-Zero level 
for the remainder of the Reverse Data Packets field, or a 
duration of about 16 forward link bytes or more. 

In one embodiment, the Reverse Link Request field of the 
Client Request and Status Packet may be used to inform the 
host of the number of bytes the client needs in the Reverse 
Link Encapsulation Packet to send data back to the host. The 
host attempts to grant the request by allocating at least that 
number of bytes in the Reverse Link Encapsulation Packet. 
The host may send more than one Reverse Link Encapsula 
tion Packet in a sub-frame. The client may send a Client 
Request and Status Packet at almost any time, and the host 
will interpret the Reverse Link Request parameter as the total 
number of bytes requested in one sub-frame. 
9. Client Capability Packets 
A host needs to know the capability of the client (display) 

it is communicating with in order to configure the host-to 
client link in an generally optimum or desired manner. It is 
recommended that a display send a Client Capability Packet 
to the host after forward link synchronization is acquired. The 
transmission of Such a packet is considered required when 
requested by the host using the Reverse Link Flags in the 
Reverse Link Encapsulation Packet. The Client Capability 
Packet is used to inform the host of the capabilities of a client. 
For External Mode every host should be able to receive this 
packet, and every client should be able to send this packet to 
fully utilize this interface and protocol. Implementation of 
this packet is optional for Internal Mode, since the capabili 
ties of the client, Such as a display, keyboard or other input/ 
output device, in this situation should already be well defined 
and known to the host at the time of manufacture or assembly 
into a single component or unit of some type. 
The format of the Client Capability packet in one embodi 

ment is illustrated in FIG. 18. As shown in FIG. 18, for this 
embodiment, this type of packet is structured to have Packet 
Length, Packet Type, reserved cclientID, Protocol Version, 
Min Protocol Version, Data Rate Capability, Interface Type 
Capability, Number of Alt Displays, Reserved 1, Bitmap 



US 8,687,658 B2 
33 

Width, Bitmap Height, Display Window Width, Display Win 
dow Height. Color Map Size, Color Map RGB Width, RGB 
Capability, Monochrome Capability, Reserved 2, Y Cr Cb 
Capability, Bayer Capability, Alpha-Cursor Image Planes, 
Client Feature Capability, Max Video Frame Rate, Min Video 
Frame Rate, Min Sub-frame rate, Audio Buffer Depth, Audio 
Channel Capability, Audio Sample Rate Capability, Audio 
Sample Resolution, Mic Audio Sample Resolution, Mic 
Sample Rate Capability, Keyboard Data Format, Pointing 
Device Data Format, Content Protection Type, Mfr. Name, 
Product Code, Reserved 3, Serial Number, Week of Mfr.,Year 
of Mfr., and CRC fields. In an exemplary embodiment, this 
type of packet is generally identified as a Type 66 packet. 
10. Keyboard Data Packets 
A keyboard data packet is used to send keyboard data from 

the client device to the host. A wireless (or wired) keyboard 
may be used in conjunction with various displays or audio 
devices, including, but not limited to, a head mounted video 
display/audio presentation device. The Keyboard Data Packet 
relays keyboard data received from one of several known 
keyboard-like devices to the host. This packet can also be 
used on the forward link to send data to the keyboard. A client 
indicates an ability to send and receive Keyboard Data Pack 
ets using the Keyboard Data Field in the Client Capability 
Packet. 
The format of a Keyboard Data Packet is shown in FIG. 19. 

and contains a variable number of bytes of information from 
or for a keyboard. As shown in FIG. 19, this type of packet is 
structured to have Packet Length, Packet Type, bOlient ID, 
Keyboard Data Format, Keyboard Data, and CRC fields. 
Here, this type of packet is generally identified as a Type 67 
packet. 
The bClient ID is a reserved field, as before, and the CRC 

is performed over all bytes of the packet. The Keyboard Data 
Format field contains a 2 bytes value that describes the key 
board data format. Bits 6 through 0 should be identical to the 
Keyboard Data Format field in the Client Capability Packet. 
This value is not to equal 127. Bits 15 through 7 are reserved 
for future use and are, therefore, currently set to zero. 
11. Pointing Device Data Packets 
A pointing device data packet is used as a method, struc 

ture, or means to send position information from a wireless 
mouse or other pointing device from the client to the host. 
Data can also be sent to the pointing device on the forward 
link using this packet. An exemplary format of a Pointing 
Device Data Packet is shown in FIG. 20, and contains a 
variable number ofbytes of information from or for a pointing 
device. As shown in FIG. 20, this type of packet is structured 
to have Packet Length, Packet Type, bOlient ID. Pointing 
Device Format, Pointing Device Data, and CRC fields. In an 
exemplary embodiment, this type of packet is generally iden 
tified as a Type 68 packet in the 1-byte type field. 
12. Link Shutdown Packets 
A LinkShutdown Packet is sent from the host to the client 

as a method or means to indicate that the MDDI data and 
strobe will be shut down and go into a low-power consump 
tion “hibernation' state. This packet is useful to shut down the 
link and conserve power after static bitmaps are sent from a 
mobile communication device to the display, or when there is 
no further information to transfer from a host to a client for the 
time being. Normal operation is resumed when the host sends 
packets again. The first packet sent after hibernation is a 
sub-frame headerpacket. The format of a Client Status Packet 
for one embodiment is shown in FIG. 21. As shown in FIG. 
21, this type of packet is structured to have Packet Length, 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

34 
Packet Type, CRC and All Zeros fields. In one embodiment, 
this type of packet is generally identified as a Type 69 packet 
in the 1-byte type field. 
The packet length field uses 2 bytes to specify the total 

number of bytes in the packet not including the packet length 
field. In one embodiment, the Packet Length of this packet is 
dependent on the Interface Type or link mode in effect at the 
time when the Link Shutdown Packet is sent. Therefore, the 
typical packet length becomes 20 bytes for Type 1 mode (22 
bytes total in the packet), 36 bytes for a Type 2 mode (38 bytes 
total in the packet), 68 bytes for a Type 3 mode link (70 bytes 
total in the packet), and 132 bytes for a Type 4 mode (with 134 
bytes total in the packet). 
The All Zeros field uses a variable number of bytes to 

ensure that MDDI Data signals are at a logic-zero level for a 
sufficient time to allow the client to begin recovering clock 
using only MDDI Stb prior to disabling a host’s line drivers. 
The length of the All Zeros field is dependent on the Interface 
Type or link operating mode in effect at the time when the 
Link Shutdown Packet is sent. The length of the All Zeros 
field is intended to produce 64 pulses on MDDI Stb for any 
Interface Type setting. Therefore, the All Zeros length for 
each interface type becomes 16 bytes for Type 1, 32 bytes for 
Type 2, 64 bytes for Type 3, and 128 bytes for Type 4. 
The CRC field uses 2 bytes that contain a 16-bit CRC of 

bytes from the Packet Length to the Packet Type. 
In the low-power hibernation state, the MDDI Data0 

driver is disabled into a high-impedance state starting after 
the 16th to 48th MDDI Stb cycle or pulse after the last bit of 
the All Zeros field. For Type-2, Type-3 or Type-4 links the 
MDDI Data1 through MDDI DataPwr7 signals are also 
placed in a high-impedance state at the same time that the 
MDDI Data0 driver is disabled Either the host or client may 
cause the MDDI link to “wake up' from the hibernation state 
as described elsewhere, which is a key advance for and advan 
tage of the present invention. 
As described in the definition of the All Zeros field, 

MDDI Stb toggles for 64 cycles following the MSB of the 
CRC field of the LinkShutdown Packet to facilitate an orderly 
shutdown in the client controller. One cycle is a low-to-high 
transition followed by a high-to-low transition, or a high-to 
low transition followed by a low-to-high transition. After the 
All Zeros field is sent, the MDDI Stb driver in the host is 
disabled. 
13. Client Request and Status Packets 
The host needs a small amount of information from the 

client so it can configure the host-to-client link in a generally 
optimum manner. It is recommended that the client send one 
Client Request and Status Packet to the host each sub-frame. 
The client should send this packet as the first packet in the 
Reverse Link Encapsulation Packet to ensure that it is deliv 
ered reliably to the host. The forwarding of this packet is also 
accomplished when requested by a host using the Reverse 
Link Flags in the Reverse Link Encapsulation Packet. The 
Client Request and Status Packet is used to report errors and 
status to the host. For external mode operation, every host 
should be able to receive this packet, and every client should 
be able to send this packet in order to properly or optimally 
employ the MDD Interface protocol. While it is also recom 
mended that for internal operations, that is internal hosts and 
internal clients, there should be support for this packet, it is 
not required. 
The format of a Client Request and Status Packet is shown 

in FIG. 22. As shown in FIG. 22, this type of packet is 
structured to have Packet Length, Packet Type, c0lient ID, 
Reverse Link Request, Capability Change, Client Busy, CRC 
Error Count, and CRC fields. This type of packet is generally 
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identified as a Type 70 packet in the 1-byte type field, and 
typically uses a pre-selected fixed length of 12 bytes. 

The Reverse Link Request field may be used to inform the 
host of the number of bytes the client needs in the Reverse 
Link Encapsulation Packet to send data back to the host. The 
host should attempt to grant the request by allocating at least 
that number of bytes in the Reverse Link Encapsulation 
Packet. The host may send more than one Reverse Link 
Encapsulation Packetina Sub-frame in order to accommodate 
data. The client may send a Client Request and Status Packet 
at any time and the host will interpret the Reverse Link 
Request parameter as the total number of bytes requested in 
one Sub-frame. Additional details and specific examples of 
how reverse link data is sent back to the host are shown below. 
14. Bit Block Transfer Packets 
The Bit Block Transfer Packet provides a means, structure, 

or method to Scroll regions of the display in any direction. 
Displays that have this capability will report the capability in 
bit 0 of the Display Feature Capability Indicators field of the 
Client Capability Packet. The format for one embodiment of 
a Bit Block Transfer Packet is shown in FIG. 23. As shown in 
FIG. 23, this type of packet is structured to have Packet 
Length, Packet Type. hClient ID, Upper Left XValue, Upper 
Left Y Value, Window Width, Window Height, Window X 
Movement, Window YMovement, and CRC fields. This type 
of packet is generally identified as a Type 71 packet, and in 
one embodiment uses a pre-selected fixed length of 15 bytes. 
The fields are used to specify the X and Y values of the 

coordinate of the upper left corner of the window to be moved, 
the width and height of the window to be moved, and the 
number of pixels that the window is to be moved horizontally, 
and vertically, respectively. Positive values for the latter two 
fields cause the window to be moved to the right, and down, 
and negative values cause movement to the left and up, 
respectively. 
15. Bitmap Area Fill Packets 
The Bitmap Area Fill Packet provides a means, structure, 

or method to easily initialize a region of the display to a single 
color. Displays that have this capability will report the capa 
bility in bit 1 of the Client Feature Capability Indicators field 
of the Client Capability Packet. One embodiment for the 
format of a Bitmap Area Fill Packet is shown in FIG. 24. As 
shown in FIG. 24, in this case this type of packet is structured 
to have Packet Length, Packet Type, hClient ID, Upper Left X 
Value, Upper Left Y Value, Window Width, Window Height, 
Data Format Descriptor, Pixel Area Fill Value, and CRC 
fields. This type of packet is generally identified as a Type 72 
packet in the 1-byte type field, and uses a pre-selected fixed 
length of 17 bytes. 
16. Bitmap Pattern Fill Packets 
The Bitmap Pattern Fill Packet provides a means or struc 

ture to easily initialize a region of the display to a pre-selected 
pattern. Displays that have this capability will report the 
capability in bit 2 of the Client Feature Capability field of the 
Client Capability Packet. The upper left corner of the fill 
pattern is aligned with the upper left corner of the window to 
be filled, unless the horizontal or vertical pattern offset is 
non-zero. If the window to be filled is wider or taller than the 
fill pattern, then the pattern may repeated horizontally or 
vertically a number of times to fill the window. The right or 
bottom of the last repeated pattern is truncated as necessary. If 
the window is smaller than the fill pattern, then the right side 
or bottom of the fill pattern may be truncated to fit the win 
dow. 

If a horizontal pattern offset is non-zero, then the pixels 
between the left side of the window and the left side plus the 
horizontal pattern offset are filled with the right-most pixels 
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of the pattern. The horizontal pattern offset is to be less than 
the pattern width. Similarly, if a vertical pattern offset is 
non-zero, then the pixels between the top side of the window 
and the top of the side plus vertical pattern offset are filled 
with the lower-most pixels of the pattern. The vertical pattern 
offset is to be less than the pattern height. 
One embodiment for the format of a Bitmap Pattern Fill 

Packet is shown in FIG. 25. As shown in FIG. 25, this type of 
packet is structured to have Packet Length, Packet Type, 
hClient ID, Upper Left XValue, Upper Left YValue, Window 
Width, Window Height, Pattern Width, Pattern Height, Hori 
Zontal Pattern Offset, Vertical Pattern Offset, Data Format 
Descriptor, Parameter CRC, Pattern Pixel Data, and Pixel 
Data CRC fields. In some embodiments, this type of packet is 
generally identified as a Type 73 packet in the 1-byte type 
field. 
17. Communication Link Data Channel Packets 
The Communication Link Data Channel Packet provides a 

structure, means, or method for a client with high-level com 
puting capability, such as a PDA, to communicate with a 
wireless transceiver Such as a cellphone or wireless data port 
device. In this situation, the MDDI link is acting as a conve 
nient high-speed interface between the communication 
device and the computing device with the mobile display, 
where this packet transports data at a Data Link Layer of an 
operating system for the device. For example, this packet 
could be used if a web browser, email client, or an entire PDA 
were built into a mobile display. Displays that have this capa 
bility will report the capability in bit 3 of the Client Feature 
Capability field of the Client Capability Packet. 
The format of an embodiment for a Communication Link 

Data Channel Packet is shown in FIG. 26. As shown in FIG. 
26, this type of packet is structured to have Packet Length, 
Packet Type. hClient ID, Parameter CRC, Communication 
Link Data, and Communication Data CRC fields. In one 
embodiment, this type of packet is generally identified as a 
Type 74 packet in the type field. 
18. Interface Type Handoff Request Packets 
The Interface Type Handoff Request Packet provides a 

means, method or structure that enables the host to request 
that the client or display shift from an existing or current 
mode to the Type 1 (serial), Type 2 (2-bit parallel). Type 3 
(4-bit parallel), or Type 4 (8-bit parallel) modes. Before the 
host requests a particular mode it should confirm that the 
client is capable of operating in the desired mode by exam 
ining bits 6 and 7 of the Display Feature Capability Indicators 
field of the Client Capability Packet. One embodiment for the 
format of a Interface Type Handoff Request Packet is shown 
in FIG. 27. As shown in FIG. 27, this type of packet is 
structured to have Packet Length, Packet Type, Interface 
Type, Reserved 1, and CRC fields. This type of packet is 
generally identified as a Type 75 packet, and uses a pre 
selected fixed length of 4 bytes. 
19. Interface Type Acknowledge Packets 
The Interface Type Acknowledge Packet is sent by a client 

and provides a means, method or structure that enables a 
client to confirm receipt of the InterfaceType Handoff Packet. 
The requested mode, Type 1 (serial), Type 2 (2-bit parallel), 
Type 3 (4-bit parallel), or Type 4 (8-bit parallel) mode, is 
echoed back to the host as a parameter in this packet. The 
format of one embodiment fora InterfaceType Acknowledge 
Packet is shown in FIG. 28. As shown in FIG. 28, this type of 
packet is structured to have Packet Length, Packet Type, 
cClient ID, Interface Type, Reserved 1, and CRC fields. This 
type of packet is generally identified as a Type 76 packet, and 
uses a pre-selected fixed length of 4 bytes. 
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20. Perform Type Handoff Packets 
The Perform Type Handoff Packet is a means, structure, or 

method for the host to command the client to handoff to the 
mode specified in this packet. This is to be the same mode that 
was previously requested and acknowledged by the Interface 
Type Handoff Request Packet and Interface Type Acknowl 
edge Packet. The host and client should switch to the agreed 
upon mode after this packet is sent. The client may lose and 
re-gain link synchronization during the mode change. The 
format of one embodiment for a Perform Type Handoff 
Packet is shown in FIG. 29. As shown in FIG. 29, this type of 
packet is structured to have Packet Length, Packet Type, 
Packet Type, Reserve 1, and CRC fields. This type of packet 
is generally identified as a Type 77 packet in the 1-byte type 
field, and uses a pre-selected fixed length of 4 bytes. 
21. Forward Audio Channel Enable Packets 

This packet provides a structure, method, or means that 
allows a host to enable or disable audio channels in a client. 
This capability is useful so that a client (a display for 
example) can power off audio amplifiers or similar circuit 
elements to save power when there is no audio to be output by 
the host. This is significantly more difficult to implement 
implicitly simply using the presence or absence of audio 
streams as an indicator. The default state when the client 
system is powered-up is that all audio channels are enabled. 
The format of one embodiment of a Forward Audio Channel 
Enable Packet is shown in FIG. 30. As shown in FIG. 30, this 
type of packet is structured to have Packet Length, Packet 
Type, hClient ID, Audio Channel Enable Mask, and CRC 
fields. This type of packet is generally identified as a Type 78 
packet in the 1-byte type field, and uses a pre-selected fixed 
length of 4 bytes. 
22. Reverse Audio Sample Rate Packets 

This packet allows the host to enable or disable the reverse 
linkaudio channel, and to set the audio data sample rate of this 
stream. The host selects a sample rate that is defined to be 
valid in the Client Capability Packet. If the host selects an 
invalid sample rate then the client will not send an audio 
stream to the host, and an appropriate error, error value, or 
error signal, may be sent to the host in the Client Error Report 
Packet. The host may disable the reverse-link audio stream by 
setting the sample rate to a value of 255. The default state 
assumed when the client system is initially powered-up or 
connected is with the reverse-link audio stream disabled. The 
format of one embodiment for a Reverse Audio Sample Rate 
Packet is shown in FIG. 31. As shown in FIG. 31, this type of 
packet is structured to have Packet Length, Packet Type, 
hClient ID, Audio Sample Rate, Reserved 1, and CRC fields. 
This type of packet is generally identified as a Type 79 packet, 
and uses a pre-selected fixed length of 4 bytes. 
23. Digital Content Protection Overhead Packets 

This packet provides a structure, method, or means that 
allows a host and a client to exchange messages related to the 
digital content protection method being used. Presently two 
types of content protection are contemplated, Digital Trans 
mission Content Protection (DTCP), or High-bandwidth 
Digital Content Protection System (HDCP), with room 
reserved for future alternative protection scheme designa 
tions. The method being used is specified by a Content Pro 
tection Type parameter in this packet. The format of an 
embodiment of a Digital Content Protection Overhead Packet 
is shown in FIG. 32. As shown in FIG. 32, this type of packet 
is structured to have Packet Length, Packet Type, bOlient ID, 
Content Protection Type, Content Protection Overhead Mes 
sages, and CRC fields. This type of packet is generally iden 
tified as a Type 80 packet. 
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24. Transparent Color Enable Packets 
The Transparent Color Enable Packet is a structure, 

method, or means that used to specify which color is trans 
parent in a display and to enable or disable the use of a 
transparent color for displaying images. Displays that have 
this capability will report that capability in bit 4 of the Client 
Feature Capability field of the Client Capability Packet. 
When a pixel with the value for transparent color is written to 
the bitmap, the color does not change from the previous value. 
The format of a Transparent Color Enable Packet is shown in 
FIG.33. As shown in FIG.33, in one embodiment this type of 
packet is structured to have Packet Length, Packet Type, 
hClient ID. Transparent Color Enable, Reserved 1, Alpha 
Cursor Identifier, Data Format Descriptor, Transparent Pixel 
Value, and CRC fields. This type of packet is generally iden 
tified as a Type 81 packet in the 1-byte type field, and uses a 
pre-selected fixed length of 10 bytes. 
25. Round Trip Delay Measurement Packets 
The Round Trip Delay Measurement Packet provides a 

structure, method, or means that is used to measure the propa 
gation delay from the host to a client (display) plus the delay 
from the client (display) back to the host. This measurement 
inherently includes the delays that exist in the line drivers and 
receivers, and an interconnect Sub-system. This measurement 
is used to set the turn around delay and reverse link rate 
divisor parameters in the Reverse Link Encapsulation Packet, 
described generally above. This packet is most useful when 
the MDDI link is running at the maximum speed intended for 
a particular application. The packet may be sent in Type 1 
mode and at a lower data rate in order to increase the range of 
the round trip delay measurement. The MDDI Stb signal 
behaves as though all zero data is being sent during the 
following fields: both Guard Times, All Zero, and the Mea 
surement Period. This causes MDDI Stb to toggle at half the 
data rate So it can be used as periodic clock in the client during 
the Measurement Period. 

In one embodiment, a client generally indicates an ability 
to support the Round Trip Delay Measurement Packet 
through use of bit 18 of the Client Feature Capability Indica 
tors field of the Client Capability Packet. It is recommended 
that all clients Support round trip delay measurement, but it is 
possible for the host to know the worst-case round trip delay 
based on a maximum cable delay, and on maximum driver 
and receiver delays. The host may also know the round-trip 
delay in advance for an MDDI link used in internal mode, 
since this is an aspect of known design elements (conductor 
lengths, circuitry type, and features, and so forth) of the 
device in which the interface is being used. 
The format of a Round Trip Delay Measurement Packet is 

shown in FIG. 34. As shown in FIG. 34, in one embodiment 
this type of packet is structured to have Packet Length, Packet 
Type. hClient ID, Parameter CRC, Guard Time 1, Measure 
ment Period, All Zero, and Guard Time 2 fields. This type of 
packet is generally identified as a Type 82 packet, and uses a 
pre-selected fixed length of 159 bits. 
The timing of events that take place during the Round Trip 

Delay Measurement Packet is illustrated in FIG. 35. In FIG. 
35, the host transmits the Round Trip Delay Measurement 
Packet, shown by the presence of the Parameter CRC and 
Strobe Alignment fields followed by the All Zero and Guard 
Time 1 fields. A delay 3502 occurs before the packet reaches 
the client display device or processing circuitry. As the client 
receives the packet, it transmits the 0xff, 0xff, and 30 bytes of 
0x0 pattern as precisely as practical at the beginning of the 
Measurement Period as determined by the client. The actual 
time the client begins to transmit this sequence is delayed 
from the beginning of the Measurement Period from the point 
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of view of the host. The amount of this delay is substantially 
the time it takes for the packet to propagate through the line 
drivers and receivers and the interconnect Subsystem (cables, 
conductors). A similar amount of delay 3504 is incurred for 
the pattern to propagate from the client back to the host. 

In order to accurately determine the round trip delay time 
for signals traversing to and from the client, the host counts 
the number of forward link bit time periods occurring after the 
start of the Measurement Period until the beginning of the 
0xff, 0xff, and 30 bytes of 0x0 sequence is detected upon 
arrival. This information is used to determine the amount of 
time for a round trip signal to pass from the host to the client 
and back again. Then, about one half of this amount is attrib 
uted to a delay created for the one way passage of a signal to 
the client. 

The host and client both drive the line to a logic-Zero level 
during both guard times to keep the MDDI DATA lines in a 
defined state. The enable and disable times of the host and 
client during both guard times are such that the MDDI Data 
signals are at a valid low level for any valid round-trip delay 
time. 
26. Forward Link Skew Calibration Packet 
The Forward Link Skew Calibration Packet allows a client 

or display to calibrate itself for differences in the propagation 
delay of the MDDI Data signals with respect to the 
MDDI Stb signal. Without delay skew compensation, the 
maximum data rate is generally limited to account for poten 
tial worst-case variation in these delays. Generally, this 
packet is only sent when the forward link data rate is config 
ured to a rate of around 50 Mbps or lower. After sending this 
packet to calibrate the display, the data rate may be stepped up 
above 50Mbps. If the data rate is set too high during the skew 
calibration process, the display might synchronize to an alias 
of the bit period which could cause the delay skew compen 
sation setting to be off by more than one bit time, resulting in 
erroneous data clocking. The highest data rate type of inter 
face or greatest possible Interface Type is selected prior to 
sending the Forward Link Skew Calibration Packet so that all 
existing data bits are calibrated. 
One embodiment of the format of a Forward Link Skew 

Calibration Packet is shown in FIG.56. As shown in FIG. 56, 
this type of packet is structured to have Packet Length (2 
bytes), Packet Type, h0lient ID, Parameter CRC, All Zero, 
Calibration Data Sequence, and CRC fields. This type of 
packet is generally identified as a Type 83 packet in the type 
field, and in one embodiment has a pre-selected length of 515. 
Virtual Control Panel 

The use of a Virtual Control Panel (VCP) allows a host to 
set certain user controls in a client. By allowing these param 
eters to be adjusted by the host, the user interface in the client 
can be simplified because screens that allow a user to adjust 
parameters such as audio Volume or display brightness can be 
generated by host software rather than by one or more micro 
processors in the client. The host has the ability to read the 
parameter settings in the client and to determine the range of 
valid values for each control. The client generally has the 
capability to report back to the host which control parameters 
can be adjusted. 
The control codes (VCP Codes) and associated data values 

generally specified, are utilized to specify controls and set 
tings in the client. The VCP Codes in the MDDI specification 
are expanded to 16 bits to preserve proper data field alignment 
in the packet definitions, and in the future to Support Supple 
mentary values that are unique to this interface or future 
enhancements. 
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27. Request VCP Feature Packet 
The Request VCP Feature Packet provides a means, 

mechanism, or method for the host to request the current 
setting of a specific control parameter or all valid control 
parameters. Generally, a client responds to a VCP Packet with 
the appropriate information in a VCP Feature Reply Packet. 
In one embodiment, the client indicates an ability to Support 
the Request VCP Feature Packet using bit 13 of the Client 
Feature Capability Indicators field of the Client Capability 
Packet. 
The format of the Request VCP Feature Packet in one 

embodiment is shown in FIG. 69. As seen in FIG. 69, this type 
of packet is structured to have Packet Length, Packet Type, 
hClient ID, MCCS VCP code, and CRC fields. This type of 
packet is generally identified in one embodiment as a Type 
128, which is indicated in the 2 byte type field. The packet 
length, which specifies the total number of bytes in the packet 
not including the packet length field, is typically fixed for this 
type of packet at a length of 8 bytes. 
The hClient ID field is reserved for use as a Client ID in 

future implementations and is typically set to Zero. The 
MCCSVCP Code field comprises 2 bytes of information that 
specifies the MCCSVCP Control Code Parameter. A value in 
the range of 0 to 255 causes a VCPFeature Reply Packet to be 
returned with a single item in the VCP Feature Reply List 
corresponding to the specified MCCS code. An MCCS VCP 
Code of 65535 (0xffff) requests a VCP Feature Reply Packet 
with a VCP Feature Reply List containing a Feature Reply 
ListItem for each control supported by the client. The values 
of 256 through 65534, for this field are reserved for future use 
and presently not in use. 
28. VCP Feature Reply Packet 
The VCP Feature Reply Packet provides a means, mecha 

nism, or method for a client to respond to a host request with 
the current setting of a specific control parameter or all valid 
control parameters. Generally, a client sends the VCPFeature 
Reply Packet in response to a Request VCP Feature Packet. 
This packet is useful to determine the current setting of a 
specific parameter, to determine the valid range for a specific 
control, to determine if a specific control is Supported by the 
client, or to determine the set of controls that are supported by 
the client. If a Request VCP Feature is sent that references a 
specific control that is not implemented in the client then a 
VCP Feature Reply Packet is returned with a single VCP 
Feature Reply List item corresponding to the unimplemented 
control that contains the appropriate error code. In one 
embodiment, the client indicates an ability to support the VCP 
Feature Reply Packet using bit 13 of the Client Feature Capa 
bility field of the Client Capability Packet. 
The format of the VCP Feature Reply Packet in one 

embodiment is shown in FIG.70. As seen in FIG.70, this type 
of packet is structured to have Packet Length, Packet Type, 
cClient ID, MCCS Version, Reply Sequence Number, VCP 
Feature Reply List, and CRC fields. This type of packet is 
generally identified in one embodiment as a Type 129, as 
indicated in the 2 byte type field. 
The c(Client ID field contains information reserved for a 

Client ID. This field is reserved for future use and is generally 
set to Zero. MCCS Version field contains 2 bytes of informa 
tion that specifies the Version of the VESA MCCS Specifica 
tion implemented by the client. 
The 2 byte Reply Sequence Number field contains infor 

mation or data that specifies the sequence number of the VCP 
Feature Reply Packets returned by the client. The client 
returns one or more VCPFeature Reply Packets in response to 
a Request VCP Feature Packet with an MCCS Control Code 
value of 65535. The client may spread the feature reply list 
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over multiple VCP Feature Reply Packets. In this case, the 
client assigns a sequence number to each Successive packet, 
and the sequence numbers of the VCP Feature Reply Packets 
sent in response to a single Request VCP Feature Packet starts 
at Zero and increments by one. The last VCPFeature ListItem 
in the last VCP Feature Reply Packet should contain an 
MCCS VCP Control Code value equal to 0xffff to identify 
that the packet is the last one and contains the highest 
sequence number of the group of packets returned. If only one 
VCP Feature Reply Packet is sent in response to a Request 
VCP Feature Packet then the Reply Sequence Number in that 
single packet is zero and the VCP Feature Reply List contains 
a record having an MCCSVCP Control Code equal to 0xffff. 
The Number of Features in List field contains 2 bytes that 

specify the number of VCP Feature List Items that are in the 
VCP Feature Reply List in this packet, while the VCPFeature 
Reply List field is a group of bytes that contain one or more 
VCP Feature Reply List Items. The format of a single VCP 
Feature Reply List Item in one embodiment is shown in FIG. 
71. 

As shown in FIG.71, each VCP Feature Reply ListItem is 
12 bytes in length, and comprises the MCCS VCP Code, 
Result Code, Maximum Value, and Present Value fields. The 
2-byte MCCS VCP Code field contains data or information 
that specifies the MCCSVCP Control Code Parameter asso 
ciated with this list item. Only the Control Code values 
defined in the VESA MCCS Specification version 2 and later 
are considered as valid for this embodiment. The 2-byte 
Result Code field contains information that specifies an error 
code related to the request for information regarding the 
specified MCCS VCP Control. A value of “0” in this field 
means there is no error, while a value of 1 means the speci 
fied control is not implemented in the client. Further values 
for this field of 2 through 65535 are currently reserved for 
future use and implementation of other application contem 
plated by the art, but are not to be used for now. 
The 4-byte Maximum Value field contains a 32-bit 

unsigned integer that specifies the largest possible value to 
which the specified MCCS Control can be set. If the requested 
control is not implemented in the client this value is set to 
Zero. If the value returned is less than 32 bits (4 bytes) in 
length, then the value is cast into a 32-bit integer leaving the 
most significant (unused) bytes set to zero. The 4-byte Present 
Value field contains information that specifies the present 
value of the specified MCCS VCP Continuous (C) or non 
continuous (NC) control. If the requested control is not imple 
mented in the client or if the control is implemented but is a 
table (T) data type, then this value is set to zero. If the value 
returned is less than 32 bits (4 bytes) in length per the VESA 
MCCS specification then the value is cast into a 32-bit integer 
leaving the most significant (unused) bytes set to Zero. 
29. Set VCP Feature Packet 
The Set VCP Feature Packet provides a means, mecha 

nism, or method for a host to set VCP control values for both 
continuous and non-continuous controls in a client. In one 
embodiment, the client indicates the ability to support the Set 
VCP Feature Packet using bit 13 of the Client Feature Capa 
bility field of the Client Capability Packet. 

The format of the Set VCP Feature Packet in one embodi 
ment is shown in FIG. 72. As seen in FIG. 72, this type of 
packet is structured to have Packet Length, Packet Type, 
hClient ID, MCCS VCP Code, Number of Values in List, 
Control Value List, and CRC fields. This type of packet is 
generally identified as a Type 130, as indicated in the 2 byte 
type field, is 20 bytes long exclusive of the Packet Length 
field. 
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The hClient ID field again uses a 2-byte value to specify or 

act as a Client ID. This field is reserved for future use and is 
currently set to zero. The MCCSVCP Code field uses 2 bytes 
of information or values to specify the MCCS VCP Control 
Code Parameter to be adjusted. The 2-byte Number of Values 
in List Field contains information or values that specify the 
number of 16-bit values that exist in the Control Value List. 
The Control Value List will usually contain one item unless 
the MCCS Control Code relates to a table in the client. In the 
case of non-table-related controls, The Control Value List will 
contain a value that specifies the new value to be written to the 
control parameter specified by the MCCS VCP Code field. 
Fortable-related controls the format of the data in the Control 
Value List is specified by the parameter description of the 
specified MCCSVCP Code. If the list contains values that are 
larger than one byte, then the least-significant byte is trans 
mitted first, consistent with the method defined elsewhere. 
Finally, the 2-byte CRC field contains a 16-bit CRC of all 
bytes in the packet including the Packet Length. 
30. Request Valid Parameter Packet 
The Request Valid Parameter Packet is used as a means or 

structure useful to request that a client return a Valid Param 
eter Reply Packet containing a list of parameters Supported by 
the specified non-continuous (NC) or table (T) control. This 
packet should only specify non-continuous controls or con 
trols that relate to a table in the client, and not specify a MCCS 
VCP Code value of 65535 (0xffff) to specify all controls. If a 
non-supported or invalid MCCS VCP Code is specified then 
an appropriate error value is returned in the Valid Parameter 
Reply Packet. In one embodiment, the client indicates an 
ability to support the Request Valid Parameter Packet using 
bit 13 of the Client Feature Capability field of the Display 
Capability Packet. 
The format of the Request Valid Parameter Packet in one 

embodiment is shown in FIG.73. As seen in FIG. 73, this type 
of packet is structured to have Packet Length, Packet Type, 
hClient ID, MCCS VCP Code, and CRC fields. This type of 
packet is generally identified in one embodiment as a Type 
131, as indicated in the 2 byte type field. 
The packet length, as indicated in the 2-bytes Packet 

Length Field is generally set to have a total number of bytes in 
the packet, not including the packet length field of 8. The 
hClient ID again specifies the Client ID, but is currently 
reserved for future use, as would be apparent to one skilled in 
the art, and is set to zero. The 2-byte MCCSVCP Code Filed 
contains a value that specifies the non-continuous MCCS 
VCP Control Code Parameter to be queried. The value in this 
field should correspond to a non-continuous control that is 
implemented in the client. The values 256 through 65535 
(Oxffff) are typically reserved or considered as invalid, and 
are considered as an unimplemented control in the error 
response. 
31. Valid Parameter Reply Packet 
A Valid Parameter Reply Packet is sent in response to a 

Request Valid Parameter Packet. It is used as a means, 
method, or structure to identify the valid settings for a non 
continuous MCCS VCP control or a control that returns the 
contents of a table. If the control relates to a table in the client, 
then the VCP Parameter Reply List simply contains the spe 
cific list of sequential table values that were requested. If the 
contents of the table cannot fit into a single Valid Parameter 
Reply Packet then multiple packets with sequential Reply 
Sequence Numbers can be sent by the client. In one embodi 
ment, a client indicates an ability to supporta Valid Parameter 
Reply Packet using bit 13 of the Client Feature Capability 
field of the Client Capability Packet. 
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A host may request the contents of a table in the following 
manner: the host sends a Set VCP Feature Packet containing 
the necessary or desired parameters such as read/write param 
eter, LUT offset, and RGB selection; then a Request Valid 
Parameter Packet that specifies the desired control is sent by 
the host; then the client returns one or more Valid Parameter 
Reply Packets containing the table data. This sequence of 
operations performs a similar function as the table reading 
functions described in the MCCS operation model. 

If a specific client parameter is not supported by the client 
then in one embodiment the corresponding field of this packet 
will contain a value of 255. For parameters that are used in the 
client, the corresponding field should contain a value of the 
parameter in the client. 
The format of the Valid Parameter Reply Packet for one 

embodiment is shown in FIG.74. As seen in FIG. 74, this type 
of packet is structured to have Packet Length, Packet Type, 
cClient ID, MCCS VCP Code, Response Code, Reply 
Sequence Number, Number Values in List, VCP Parameter 
Reply List, and CRC fields. This type of packet is generally 
identified for one embodiment as a Type 132, as indicated in 
the 2 byte type field. 

The colient ID field is reserved for the future Client ID, as 
is known from the above discussions, while the 3-byte MCCS 
VCP Code Packet contains a value that specifies a non-con 
tinuous MCCS VCP Control Code Parameter that is 
described by this packet. If an invalid MCCS VCP Control 
Code is specified by a Request Valid Parameter Packet, then 
the same invalid parameter value will be specified in this field 
with the appropriate value in the Response Code field. If the 
MCCS Control Code is invalid then the VCP Parameter Reply 
List will have zero length. 
The Response Code field contains 2 bytes of information or 

values that specify the nature of the response related to the 
request for information regarding the specified MCCS VCP 
Control. If the value in this field is equal to 0, then no error is 
considered as being present for this data type, and the last 
Valid Parameter Reply Packet in the sequence is sent, it hav 
ing the highest Reply Sequence Number. If the value in this 
field is equal to 1, then no erroris considered as being present, 
but other Valid Parameter Reply Packets will be sent that have 
higher sequence numbers. If the value in this field is equal to 
2, then the specified control is not considered as being imple 
mented in the client. If the value in this field idequal to 3, then 
the specified control is not a non-continuous control (it is a 
continuous control that always has a valid set of all values 
from Zero to its maximum value). Values for this field equal to 
4 through 65535 are reserved for future use and generally not 
to be used. 

The 2-byte Reply Sequence Number field specifies the 
sequence number of the Valid Parameter Reply Packets 
returned by the client. The client returns one or more Valid 
Parameter Reply Packets in response to a Request Valid 
Parameter Packet. The client may spread the VCP Parameter 
Reply List over multiple Valid Parameter Reply Packets. In 
this latter case, the client will assign a sequence number to 
each Successive packet, and set the Response Code to 1 in all 
but the last packet in the sequence. The last Valid Parameter 
Reply Packet in the sequence will have the highest Reply 
Sequence Number and the Response Code contains a value of 
O. 
The 2-byte Number of Values in List field specifies the 

number of 16-bit values that exist in the VCP Parameter Reply 
List. If the Response Code is not equal to Zero then the 
Number of Values in List parameter is Zero. The VCP Param 
eter Reply List field contains a list of 0 to 32760 2-byte values 
that indicate the set of valid values for the non-continuous 
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control specified by the MCCS Control Code field. The defi 
nitions of the non-continuous control codes are specified in 
the VESA MCCS Specification. Finally, in this embodiment, 
the CRC field contains a 16-bit CRC of all bytes in the packet 
including the Packet Length. 
Alpha-Cursor Images 
The MDD interface and associated inventive protocol and 

mechanisms for communicating data over a communications 
link provides Support for multiple image planes that overlap 
each other and can have varying degrees of transparency. A 
hardware cursor can be implemented using an overlapping 
image that has a variable X-Y offset. An overview of the 
Alpha-Cursor functionality and associated protocol Support 
is provided below. The ability to support Alpha-Cursor image 
packets is defined in the Alpha-Cursor Image Capability 
Packet, which is sent in response to a Request Specific Status 
Packet. 
32. Alpha-Cursor Image Capability Packet 
The Alpha-Cursor Image Capability Packet is used to 

define the characteristics of the alpha-cursor image and asso 
ciated transparency maps in a client. In one embodiment, a 
client indicates an ability to Support an Alpha-Cursor Image 
Capability Packet using a parameter value of 133 in the Valid 
Parameter Reply List of the Valid Status Reply List Packet. 
The packet length specified in the packet length field is set to 
a fixed value of 20 for one embodiment, not including the 
packet length field. 
The format of the Alpha-Cursor Image Capability Packet 

for one embodiment is shown in FIG. 75. As seen in FIG. 75, 
this type of packet is structured to have Packet Length, Packet 
Type, cclient ID, Alpha-Cursor Identifier, Alpha-Cursor Bit 
map Width, Alpha-Cursor Bitmap Height, RGB Capability, 
Monochrome Capability, Reserved 1, Y Cr Cb Capability, 
Transparency Map Res., Capability Bits, and CRC fields. The 
cClient ID field is typically reserved for future Client ID use 
and currently set to Zero. 
The Alpha Cursor Identifier field (2 bytes) contains a value 

that identifies a specific alpha-cursor plane. If the client Sup 
ports in alpha-cursor image planes then the Alpha-Cursor 
Identifier has a valid range of 0 to n-1. In one embodiment, 
the value n is specified by the Alpha-Cursor Image Planes 
field of the Client Capability Packet. The client returns a 
unique Alpha-Cursor Image Capability Packet for each 
alpha-cursor image plane. 
The 2-byte Alpha-Cursor Bitmap Width field value speci 

fies the width of the alpha-cursor bitmap image expressed as 
a number of pixels, while the 2-byte Alpha-Cursor Bitmap 
Height field value specifies the height of the alpha-cursor 
bitmap image expressed as a number of pixels. 
The RGB Capability field uses 2 bytes to specify the num 

ber of bits of resolution that can be displayed in RGB format. 
If the client cannot use the RGB format then this value is zero. 
The RGB Capability word is composed of three separate 
values, which in one embodiment are implemented Such that: 
Bits 3 through 0 define the maximum number of bits of blue 
(the blue intensity) in each pixel; Bits 7 through 4 define the 
maximum number of bits of green (the green intensity) in 
each pixel; Bits 11 through 8 define the maximum number of 
bits of red (the red intensity) in each pixel; and Bits 15 through 
12 are reserved for future use in presenting RGB capability 
information so they are generally set to Zero for now. 
The 1-byte Monochrome Capability field is used to specify 

the number of bits of resolution that can be displayed in 
monochrome format. If a client cannot use the monochrome 
format then this value is set at Zero. Bits 7 through 4 are 
reserved for future use and are, therefore, generally set to 
Zero. Bits 3 through 0 define the maximum number of bits of 
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grayscale that can exist in each pixel. These four bits make it 
possible to specify that each pixel consists of 1 to 15 bits. If 
the value is Zero then the monochrome format is not Sup 
ported by the client. 
The 1-byte Reserved 1 field contains a value generally 

reserved for futureuse, and, as such, all bits in this field are set 
to Zero. This will cause Subsequent 2-byte fields to align to a 
16-bit word address and cause 4-byte fields to align to a 32-bit 
word address. 

The 2-byte YCbCr Capability field contains values or 
information that specifies the number of bits of resolution that 
can be displayed inYCbCrformat. If the client cannot use the 
Y Cr Cb format then this value is zero. Generally, in one 
embodiment, the YCbCr Capability word is composed of 
three separate values with: Bits 3 through 0 defining a maxi 
mum number of bits that specify the Crsample; Bits 7through 
4 defining the maximum number of bits that specify the Cb 
sample: Bits 11 through 8 defining the maximum number of 
bits that specify the Y sample; and with Bits 15 through 12 
being reserved for future use in presenting YCbCr Capability 
information or values, but currently being set to Zero. 
The 1-byte Transparency Map Resolution field contains 

values or information that specifies the number of bits (depth) 
in each pixel location of the alpha-cursor image transparency 
map. This value may range from 1 to 8. If the value is zero 
then the transparency map is not supported for this alpha 
cursor image buffer (the buffer specified by the Alpha-Cursor 
Identifier Field). 
The 1-byte Capability Bits field provides values or infor 

mation that contains a set of flags that specify capabilities 
associated with the alpha-cursor image buffer. In one embodi 
ment, the flags are defined such that: Bit 0 acts to select Pixel 
data in the alpha-Cursor Video Stream Packet to be in a 
packed format. Bit 1 acts to show that transparency map data 
in the Alpha-Cursor Transparency Packet is in a packet for 
mat. An example of byte-aligned and packed transparency 
map data is shown in FIG. 76. Bit 2 acts to show that the 
alpha-cursor image plane Supports image offset capability 
using the Alpha-Cursor Image Offset Packet. Bit 3 acts to 
show that the alpha-cursor image plane can Support a color 
map data format. The same color map table is used for the 
alpha-cursor image planes as is used for the main image 
buffer and Scaled video streams. The color map is configured 
using the Color Map Packet described elsewhere. 

Bits 7 through 4 are reserved for future use and are gener 
ally, therefore, set to a zero value or logic level. 
33. Alpha-Cursor Transparency Map Packet 
The Alpha-Cursor Transparency Map Packet defines the 

contents of the image transparency map for the specified 
alpha-cursor image plane. Some applications may require a 
transparency map that is larger than the amount of data that 
can be transmitted in a single packet. In these cases, multiple 
Alpha-Cursor Transparency Map Packets may be sent, each 
with a different Subset of the transparency map by using the 
Transparency Map X and Y Start fields described below. 
These fields operate in a similar manner as the X Start and Y 
Start fields of the Video Stream Packet. A client indicates an 
ability to support the Alpha-Cursor Transparency Map Packet 
in one embodiment using the Transparency Map Resolution 
field of the Alpha-Cursor Image Capability Packet for each 
specific Alpha-Cursor Plane specified by the Alpha-Cursor 
Identifier field of the Alpha-Cursor Image Capability Packet. 
The packet length and Client ID fields operate as before for 
other packets discussed above. In one embodiment, a value of 
134 in the Packet Type field is used to identify a packet as a 
Alpha-Cursor Transparency Map Packet. 
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The format of the Alpha-Cursor Transparency Map Packet 

for one embodiment is shown in FIG. 76. As seen in FIG. 76, 
this type of packet is structured to have Packet Length, Packet 
Type. hClient ID, Alpha-Cursor Identifier, Transparency Map 
X Start, Transparency Map Y Start, Transparency Map Reso 
lution, Reserved 1, Parameter CRC, Transparency Map 
Media, and Transparency Map Data CRC fields. 
The 2-byte Alpha Cursor Identifier field has a value that 

identifies a specific alpha-cursor plane. If the client Supports 
in alpha-cursor image planes then the Alpha-Cursor Identifier 
has a valid range of 0 to n-1. 
The 2-byte Transparency Map X and Y Start fields each 

specify the absolute X and Y coordinates, where the point 
(Transparency Map X Start, Transparency Map Y Start) is the 
first pixel in the Transparency Map Data field below. 
The transparency Map Resolution field (1 byte) contains a 

value that specifies the resolution of the transparency map and 
whether or not the data is packed. In one embodiment of this 
field, Bits 3 through 0 define the number of bits of resolution 
that exist in all transparency map table items. Valid values 
specify the width to be from 1 to 8 bits. Values 0 and 9 through 
15 are considered invalid. This value should match the value 
returned by a client in the Transparency Map Resolution field 
in the Alpha-Cursor Image Capability Packet. Bits 6 through 
4 are reserved for future use and are, therefore, is generally set 
to logic-Zero at this time. Bit 7 of this byte specifies whether 
or not the Transparency Map Data is in packed or byte 
aligned form. If bit 7 is equal to 1 then the Transparency 
Map Data is in packed form, and if 0 the data is byte-aligned. 
An example of packed and byte-aligned Transparency Map 
data is shown elsewhere. The value of this bit must match the 
value of bit 1 of the Capability Bits field of the Alpha-Cursor 
Image Capability Packet. 
The 1 byte Reserved 1 field is reserved for future use, 

therefore, all bits in this field are generally set equal to a 
logic-Zero level. One purpose of this field is to cause all 
subsequent 2 byte fields to align to a 16-bit word address and 
cause 4-byte fields to align to a 32-bit word address. The 
Parameter CRC field contains a 16-bit CRC of all bytes from 
the Packet Length to the Reserved 1 field. If this CRC fails to 
check then the entire packet is to be discarded. 

For the Transparency Map Data field, each transparency 
map location is 1 to 8 bits in width. If a single transparency 
map cannot fit into one Alpha and Cursor Transparency Map 
Packet, then the entire transparency map may be specified by 
sending multiple packets with different Transparency Map 
Data and Transparency Map X and Y Start values in each 
packet. 
The 2-byte Transparency Map Data CRC field contains a 

16-bit CRC of only the Transparency Map Data. If this CRC 
fails to check then the Transparency Map Data can still be 
used but the CRC error count is incremented. 
34. Alpha-Cursor Image Offset Packet 
The Alpha-Cursor Image Offset Packet specifies the X and 

Y offset of the cursor from the upper left corner of the main 
display image. The format of the Alpha-Cursor Image Offset 
Packet is illustrated in FIG. 77. As shown in FIG. 77, in one 
embodiment, the Alpha-Cursor Image Offset Packet is struc 
tured with Packet Length, Packet Type. hClient ID, Alpha 
Cursor X Offset, Alpha-Cursor Y Offset, and CRC fields. In 
one embodiment, a client indicates the ability to Support the 
Alpha-Cursor Image Offset Packet using bit 2 of the Capa 
bility Bits field of the Alpha-Cursor Image Capability Packet 
for each specific Alpha-Cursor Plane specified by the Alpha 
Cursor Identifier field of the Alpha-Cursor Image Capability 
Packet. In one embodiment, the packet length is fixed at 10, as 












































































